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PREFACE  TO  THE  SEVENTH  EDITION. 


The  revision  of  a  book  dealing  with  a  subject  so  progressive 
as  Zoology  is,  under  the  best  of  circumstances,  a  difficult 
undertaking.  In  the  present  instance,  the  changes  which 
appeared  to  the  author  to  be  needful,  if  a  satisfactory  result 
was  to  be  obtained,  were  so  numerous  that  it  did  not  seem 
possible  that  they  could  be  covered  by  anything  that  would 
ordinarily  be  understood  under  the  head  of  a  mere  “  revision.” 
While,  therefore,  the  general  plan  of  the  original  work  has 
been  retained,  the  present  edition  has  been  wholly  recast, 
and,  with  the  exception  of  some  small  portions,  entirely 
rewritten.  The  work  in  its  present  form  may  thus  be 
regarded  as  essentially  a  new  one.  A  considerable  number 
of  fresh  illustrations  have  also  been  added.  By  these,  and 
by  the  changes  which  have  been  effected  in  the  text,  it  is 
hoped  that  the  present  edition,  in  spite  of  the  imperfections 
which  it  doubtless  possesses,  will  be  found  to  have  been 
rendered  more  suitable  than  its  predecessors  for  the  use  of 
students  of  natural  history. 

To  Mr  Lydekker  the  author  is  much  indebted  for  the 
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PREFACE. 


indication  of  errors,  and  the  suggestion  of  improvements,  with 
regard  to  the  Vertebrates  generally. 

Lastly,  the  author  regrets  that  the  portion  of  the  work 
dealing  with  the  Invertebrates  had  passed  through  the  press 
before  the  publication  of  vol.  xvii.  and  the  subsequent 
volumes  of  the  Reports  of  the  Challenger  Expedition. 


University,  Aberdeen, 
July  7,  1887. 
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MANUAL  OF  ZOOLOGY. 


GENERAL  INTRODUCTION. 

i.  Definition  of  Biology  and  Zoology. 

Natural  History,  strictly  speaking,  and  as  the  term  itself 
implies,  should  be  employed  to  designate  the  study  of  all 
natural  objects  indiscriminately,  whether  these  are  endowed 
with  life,  or  exhibit  none  of  those  incessant  vicissitudes  which 
collectively  constitute  vitality.  So  enormous,  however,  have 
been  the  conquests  of  science  within  the  last  century,  that 
Natural  History,  using  the  term  in  its  old  sense,  has  of 
necessity  been  divided  into  several  more  or  less  nearly  related 
branches. 

In  the  first  place,  the  study  of  natural  objects  admits  of  an 
obvious  separation  into  two  primary  sections,  of  which  the 
first  deals  with  the  phenomena  presented  by  the  inorganic 
world,  whilst  the  second  is  occupied  with  the  investigation  of 
the  nature  and  relations  of  all  bodies  which  exhibit  life.  The 
former  department  concerns  the  geologist  and  mineralogist, 
and  secondarily  the  naturalist  proper  as  well  ;  the  latter 
department,  treating  as  it  does  of  living  beings,  is  properly 
designated  by  the  term  Biology  (from  ySfos,  life ,  and  Ao'yo?,  a 
discourse).  Biology,  in  turn,  may  be  split  up  into  the  sciences 
of  Botany  and  Zoology,  the  former  dealing  with  plants,  the 
latter  with  animals ;  and  it  is  really  Zoology  alone  which  is 
nowadays  understood  by  the  term  Natural  History.  It  should 
also  be  borne  in  mind  that  the  science  which  deals  with  those 
forms  of  life  which  have  existed  during  previous  periods  of  the 
earth’s  history  to  the  present,  and  which  is  usually  designated 
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by  the  separate  title  of  Paleontology,  is,  in  all  strictness,  part 
and  parcel  of  Biology  proper,  and  has  no  relations  but  indirect 
ones  with  Geology.  As  living  beings  are  divisible  nto  animals 
and  plants,  so  Paleontology  falls  into  the  two  branches  of 
Pakeozoology  and  Paleobotany,  of  which  the  former  is  insepa  - 
ably  united  with  Zoology  or  Natural  History,  while  the  latter 
is  part  of  Botany  as  ordinarily  understood.  It  is  with  animals 
and  plants  as  organisms  that  Paleontology  has  to  deal,  and 
the  methods  of  paleontological  inquiry  are  those  employed 
by  the  zoologist  and  the  botanist.  We  must  therefore  assign 
to  Biology  a  considerably  wider  domain  than  that  which  has 
been  allowed  to  it  by  the  earlier  workers  in  the  department  of 
Natural  History. 

It  will  be  obvious,  then,  that  in  the  attempt  to  determine 
the  limits  and  scope  of  Biology,  we  are  brought  at  the  very 
threshold  of  our  inquiry  to  the  question,  What  are  the  din er- 
ences  between  dead  and  living  bodies?  Before  considering 
this  point,  however,  it  will  be  advisable  to  discuss  briefly  tie 
characters  which  in  a  general  way  distinguish  what  are  known 

"  bodies. 
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2.  Differences  between  Organic  and  Inorganic 

Matter. 

The  terms  “organic”  and  “inorganic,”  as  applied  to  the 
various  kinds  of  matter  of  which  the  universe  is  composed, 
had,  to  begin  with,  a  very  definite  signification ;  the  lattei 
being  applied  to  all  those  forms  of  matter  which  exist  inde¬ 
pendently  of  the  operation  of  living  beings,  whilst  all  kinds  oi 
matter  produced  by  the  vital  chemistry  of  living  beings  were 
grouped  together  under  the  former  title.  “  Inorganic  ”  Chem¬ 
istry,  for  example,  was  that  department  of  chemical  science 
which  dealt  with  the  latter  class  of  bodies  ;  while  “  Organic  ” 
Chemistry  concerned  itself  wholly  with  those  of  the  former 
group.  Even  at  an  early  period,  however,  some  contusion  was 
created  by  the  necessity  of  employing  the  term  “organic  ’  for 
accumulations  of  inorganic  matter  which  had  at  one  time 
entered  into  the  composition  of  living  beings.  Thus,  lime¬ 
stone  is  in  one  sense  inorganic,  since  carbonate  ol  lime,  of 
which  it  is  formed,  occurs  in  nature  quite  independently  of 
the  operation  of  living  beings.  In  another  sense,  however, 
most  limestones  are  organic,  since  the  lime  of  which  they  are 
composed  has  been  in  the  main  derived  from  the  skeletons  of 
animals  or  plants. 
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At  the  present  day,  the  term  “  organic  ”  has  been  widely 
extended  in  its  significance  by  the  wonderful  discoveries  of 
modern  science ;  and  “  Organic  Chemistry,”  as  it  is  still  com¬ 
monly  called,  embraces  a  much  more  extensive  field  of  inves¬ 
tigation  than  would  be  afforded  merely  by  those  substances 
which  are  actually  manufactured  by  living  beings.  In  addi¬ 
tion,  namely,  to  substances  like  starch,  sugar,  fat,  and  other 
bodies  which  are  produced  solely  by  the  living  organism,  and 
which  cannot  at  present  be  artificially  generated,  we  embrace 
under  the  head  of  “Organic  Chemistry”  a  vast  number  of 
compounds  which  are  not  produced  by  living  beings,  but  are 
artificially  manufactured  by  the  chemist  in  the  laboratory. 

1  hese  compounds  are  derived  by  various  chemical  processes 
from  strictly  organic  substances,  which  are  in  reality  the  pro¬ 
duct  of  vital  action,  and  they  might  therefore  be  appropriately 
called  “secondary  organic  bodies.” 

1  he  link  between  the  primary  and  secondary  organic  bodies 
is  afforded  by  substances  such  as  urea,  which  is  one  of  the 
most  characteristic  of  animal  products,  and  which  was  for  a 
long  time  unknown  except  as  resulting  from  animal  life.  It  is 
now  known,  however,  as  first  showed  by  Wohler,  that  urea  is 
in  chemical  composition  identical  with  cyanate  of  ammonia,  a 
substance  which  can  be  manufactured  on  any  desired  scale  in 
the  laboratory.  There  are  many  other  compounds  which  were 
originally  only  known  as  the  products  of  vital  action,  but  which 
have  now  been  produced  by  synthetic  processes  in  the  labor¬ 
atory  of  the  chemist;  and  future  researches  are  likely  to  add 
largely  to  the  number  of  these. 

It  need  hardly  be  added,  that  the  term  “organic,”  as  ap¬ 
plied  to  any  substance,  in  no  way  relates  to  the  presence  or 
absence  of  life.  The  materials  which  compose  the  living  body 
are,  of  course,  “  organic  ”  in  the  main,  but  they  are  equally  so 
after  death  has  occurred — at  any  rate  for  a  certain  time — and 
some  of  them  continue  to  be  so  for  an  indefinite  period  after 
life  has  departed.  Sugar,  for  example,  is  an  organic  product ; 
but  in  itself  it  is  of  course  dead,  and  it  retains  its  stability  after 
the  organism  which  produced  it  has  lost  all  vitality. 

I  he  following  are  the  more  important  characters  which  dis¬ 
tinguish  the  various  organic  substances,  whether  directly  pro¬ 
duced  by  living  beings,  or  secondarily  formed  by  chemical 
processes  of  different  kinds:  (i)  Inorganic  bodies  are  com¬ 
posed  of  a  large  number  of  elements  ;  and  these  elements  are 
either  simple  and  uncombined,  or  they  are  associated  into 
simple  compounds,  which  rarely  consist  of  more  than  two  or 
three  elements  united,  and  are  therefore  called  “binary”  or 
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“ternary”  compounds.  On  the  other  hand,  organic  bodies 
are  composed  of  few  elements,  and  these  are  always  com¬ 
bined.  Indeed  there  are  only  four  principal  organic  eleme 
—namely,  carbon,  hydrogen,  oxygen,  and  nitrogen;  and 
these  the  first  is  so  much  the  most  important,  that  Organic 
Chemistry  has  been  appropriately  termed  the  “Chemistry  o 
Carbon.”  Furthermore,  the  combinations  of  the  elements  in 
organic" compounds  are  complex,  the  resulting  substances  being 
mostly  “ternary,”  “quaternary,”  or  “quinary  compounds 
and  there  is  generally  a  larger  number  of  atoms  or  equivalents 
of  the  combining  elements  than  is  usually  the  case  among  in¬ 
organic  bodies.  Thus,  carbonate  of  lime  consists  of  no  more 
than  one  atom  of  calcium,  one  of  carbon,  and  three  of  oxy¬ 
gen.  On  the  other  hand,  albumen,  which  may  be  taken  as 
a  typical  organic  substance,  consists  of  144  atoms  of  carbon, 
no  atoms  of  hydrogen,  18  atoms  of  nitrogen,  42  atoms  of 
oxygen,  and  2  atoms  of  sulphur.  Haemoglobin  (the  red  col¬ 
ouring-matter  of  the  blood),  again,  is  stated  by  rhudichum  to 
consist  of  no  less  than  1875  atoms  of  no  more  than  six  ele¬ 
ments.  Iron,  however,  exists  in  the  blood,  not  improbablj  m 
its  elemental  condition  ;  and  copper  has  been  detected  in  the 
liver  of  the  mammalia,  and  largely  in  the  red  colouring-matter 
of  the  feathers  of  certain  birds,  in  the  latter  instance  being  m 
a  condition  of  loose  chemical  combination. 

(2.)  As  the  result  of  the  large  number  of  atoms  which  enter 
into  the  composition  of  organic  bodies,  we  find  that  substances 
of  this  class  are  singularly  unstable — the  stability  ot  all  chemi¬ 
cal  combinations,  even  amongst  inorganic  bodies,  generally  de¬ 
creasing  in  direct  proportion  to  the  increased  number  of  atoms 
associated  in  the  compound.  Organic  bodies,  being  composed 
of  much  larger  aggregations  of  atoms  than  inorganic,  are  pro. 
portionately  more  unstable;  and  this  instability  is  increased 
by  the  fact  that  many  organic  substances  contain  nitrogen,  an 
element  of  feeble  and  undecided  affinities,  and  also  by  the  fact 
that  all  those  which  are  of  natural  and  normal  occurrence  in 
the  living  body,  are  in  this  state  more  or  less  completely  per¬ 
meated  with  water. 

Hence,  the  primary  organic  substances,  such  as  enter  di¬ 
rectly  into  the  composition  of  living  beings,  are  so  unstable 
that  we  usually  speak  of  them  as  decomposing  or  breaking  up 
“spontaneously,”  when  removed  from  the  influence  of  the  liv¬ 
ing  organism.  So  long  as  they  form  part  of  the  actually  living 
body,  they  are  to  some  extent  stable,  but  when  removed  from 
this  they  require  nothing  more  than  the  presence  ot  oxygen, 
the  existence  of  moisture,  and  a  moderate  degree  of  warmth, 
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to  insure  their  decomposition.  I  hese  conditions,  though 
essential,  are  so  universally  present,  that  animal  and  vegetable 
matters  are  generally  considered  as  liable  to  decay  “  of  them- 
sel\es.  If,  however,  such  substances  be  deprived  of  access 
of  air,  or  be  fiozen,  or  have  their  water  driven  oft  by  desicca¬ 
tion,  they  are  capable  of  retaining  their  chemical  composition 
toi  an  apparently  indefinite  period  of  time  \  and  one  or  other 
ot  these  conditions  is  carried  out  in  all  processes  which  have 
as  their  end  the  preservation  unchanged  of  the  organic  sub¬ 
stances  which  form  the  bodies  of  animals  and  plants. 


3-  Differences  between  Dead  and  Living  Bodies. 

Whilst  all  living  bodies,  whether  animal  or  vegetable,  are 
composed  essentially  of  organic  substances,  there  are  never¬ 
theless  associated  with  the  living  organism  larger  or  smaller 
amounts  of  matter  which  is  practically  dead.  On  the  other 
hand  there  are  numerous  secondary  organic  products  which  at 
no  time  enter  into  the  composition  of  living  bodies,  and  which 
are  therefore  just  as  much  “dead”  substances  as  the  genuine 
inorganic  substances. 

1  he  general  distinctions  between  dead  and  living  matter  are 
the  following : — 

a.  Mode  of  Increase. — Living  bodies  possess  the  power  of 
taking  into  their  interior  certain  materials  (food),  foreign  to 
those  composing  their  own  substance,  and  of  converting  these 
into  the  materials  of  which  they  are  themselves  built  up.  This 
process  is  known  as  “assimilation,”  and  it  is  in  virtue  of  this 
that  living  bodies  grow.  The  growth  of  the  organism,  there¬ 
fore,  and  its  increase  in  size,  is  not  effected  by  the  mere 
addition  of  matter  from  the  outside,  but  by  the  taking  of 
matter  into  the  interior  of  the  body,  and  its  modification 
there. 

On  the  other  hand,  when  dead  bodies  increase  in  size  (as 
crystals  do  in  supersaturated  solutions),  this  is  effected  simply 
by  the  addition  of  particles  from  the  outside,  or,  as  it  is 
technically  called,  by  the  “accretion,”  instead  of  by  the 
“  intussusception,”  of  matter.  The  newly  added  particles 
undergo  no  change  from  their  previous  constitution,  and  the 
essential  element  of  “assimilation”  is  thus  wanting,  so  that 
the  process  is  in  no  sense  one  of  “growth”  properly  so  called. 

b.  Cyclical  Cl/ange. — All  dead  matter  tends  to  assume  a 
condition  of  permanent  stability  and  repose.  Living  matter, 
on  the  other  hand,  is  pre-eminently  distinguished  by  its  ten- 
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actions  of  the  physical  and  chemical  forces  by  which  dead 
bodies  are  exclusively  governed.  Dead  matter  is  completely 
passive  ^unable  to  originate  motion,  and  equally  unable  to 
irrest  it  when  once  originated.  Living  matter,  so  long  as  it 
A ^ving, Ts  the  seat  of  Wy,  and  can  overcome  the  primary 
law  of  the  inertia  of  matter.  However  humble  it  O » 

'  nd  °  ven  if  permanently  rooted  to  one  place,  every  living 
bodv  possesses,  in  some  part  or  other,  or  at  some  period  ot 
Sentence,  the  power"  of  independent  and  spontaneous 
movement  —  a  power  possessed  by  nothing  that  is  .  • 
Similarly,  the  chemical  forces,  which  work  unresisted  am0V 
the  particles  of  dead  matter,  are  in  the  living  °<§anis 
directed  harmoniously  to  given  ends,  their  action  ^ 
under  definite  laws,  and  their  natural  working  often  stiff  m*l> 
modified,  or  even  temporarily  suspended,  and  this  as  ettectu 
ally  and  as  perfectly  in  the  humblest  as  m  the  highest  of 

Cf  A?a  result  of  this,  dead  bodies  exhibit  nothing  but  reaction5, 
and  these  purely  of  a  physical  and  chemical  nature,  whilst  they 
show  no  tendency  to  pass  through  periodical  changes s  of state. 
On  the  other  hand,  living  bodies  exhibit  distinct  ad  ons,  and 
are  pre-eminently  characterised  by  their  tendency  L 
through  a  series  of  cyclical  changes,  which  follow  one  anot  lei 
in  a  regular  and  determinate  sequence. 
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d.  Reproduction. — Every  living  body  has  the  power  of  re¬ 
producing  its  like.  Directly  or  indirectly,  every  living  body 
has  the  power  of  giving  off  minute  portions  of  its  own  sub¬ 
stance,  which,  under  proper  conditions,  will  be  developed  into 
the  likeness  of  the  parent. 


4.  Nature,  Conditions,  and  Origin  of  Life. 

Life  has  been  variously  defined  by  different  writers.  Bichat 
defines  it  as  “  the  sum  total  of  the  functions  which  resist 
death;”  Treviranus,  as  “the  constant  uniformity  of  pheno¬ 
mena  with  diversity  of  external  influences;”  Duges,  as  “the 
special  activity  of  organised  bodies  ;  ”  and  Beclard,  as  “  organ¬ 
isation  in  action.”  All  these  definitions,  however,  are  more  or 
less  objectionable,  since  they  either  really  mean  nothing,  or 
the  assumption  underlies  them  that  life  is  inseparably  con¬ 
nected  with  organisation.  In  point  of  fact,  no  rigid  definition 
of  life  appears  to  be  at  present  possible,  and  it  is  best  to  regard 
it  as  being  simply  a  tendency  exhibited  by  certain  forms  of 
matter,  under  certain  conditions,  to  pass  through  a  series  of 
changes  in  a  more  or  less  definite  and  determinate  sequence. 
The  essential  phenomenon  of  vitality  is,  therefore,  in  the 
words  of  Herbert  Spencer,  “the  continuous  adjustment  of 
internal  relations  to  external  relations,”  and  life,  in  its  effect, 
is  the  totality  of  the  functions  of  a  living  being.  Life,  how¬ 
ever,  may  also  be  considered  as  a  cause ,  since  amongst  the 
phenomena  presented  by  all  living  beings  there  are  some 
which  cannot  be  referred  to  the  action  of  known  physical  or 
chemical  laws,  and  which,  therefore,  temporarily  at  any  rate, 
we  must  term  “vital,”  without  in  any  way  thereby  implying 
that  they  are  not  dependent  upon  material  causes. 

Whilst  the  nature  of  life  thus  does  not  admit  of  rigid  defini¬ 
tion,  we  find  that  the  phenomena  of  vitality  can  only  be  mani¬ 
fested  under  certain  conditions ,  some  of  these  being  intrinsic 
and  indispensable,  whilst  others  are  extrinsic ,  and  not  in  them¬ 
selves,  or  collectively,  essential. 

1  he  only  intrinsic  condition  of  life  appears  to  be  the  exist¬ 
ence  of  a  special  “ physical  basis ,”  as  it  has  been  termed.  We 
do  not  find,  namely,  that  the  phenomena  of  vitality  can  be 
manifested  by  any  and  every  form  of  matter.  On  the  contrary, 
and  as  might  have  been  expected  upon  a  priori  grounds,  all 
living  bodies  appear  to  be  composed  of  a  special  substance, 
which  is  the  material  basis  of  life,  and  which  seems  to  be  sub¬ 
stantially  identical  in  all  alike.  No  living  body  is  throughout 
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composed  of  this  living  basis,  but  all  contain  a  greater  o', 
smaller  amount  of  other  materials,  which  are  in  one  sense 
dead.  The  real  phenomena  of  vitality  are  conditioned,  there¬ 
fore,  by  certain  special  portions  of  the  organism,  which  are 
alone  formed  of  this  living  matter  \  and  this  matter  in  chemical 
composition  and  physical  characters  appears  to  be  identical  in 
all  living  beings  whether  animal  or  vegetable.1  To  this  phy¬ 
sical  basis  the  names  of  “protoplasm  or  ‘  bioplasm  are 
applied.  The  lowest  organisms  consist  of  little  else  but 
simple  unmodified  protoplasm  ;  but  even  in  the  most  com¬ 
plex  organisms  it  can  be  shown  that  their  essential  parts,  in 
which  alone  vitality  is  inherent,  are  similarly  composed  ot 
protoplasmic  matter. 

As  regards  its  chemical  nature,  protoplasm  belongs  to  the 
great  group  of  substances  which  are  known  as  “  albuminoids 
or  “  proteids,”  and  of  which  albumen  or  white -of- egg  is  a 
typical  example.  It  is  composed  of  the  four  elements,  caibon, 
hydrogen,  oxygen,  and  nitrogen,  united  into  a  proximate  com¬ 
pound,  and  it  is  seen  in  a  moderately  pure  form  in  the  yelk 
of  eggs,  in  the  contents  of  growing  cells,  in  white  blood-cor¬ 
puscles,  and  in  many  of  the  lower  forms  of  life.  Examined 
microscopically,  protoplasm  presents  itself  as  a  clear,  \  iscid, 
or  semi-fluid  substance,  commonly  containing  minute  granules, 
and  usually  small  clear  spaces  (“vacuoles”),  but  not  exhibiting 
a  composition  out  of  definite  parts  or  “organs.  .  It  alwa)s 
contains  more  or  less  water,  and  its  precise  consistence  de¬ 
pends  upon  the  amount  of  this  which  may  be  present. 

Protoplasm,  further,  belongs  to  the  group  of  substances 
which  are  known  as  “  colloids,”  being  incapable  of  crystallisa¬ 
tion,  and  having  little  or  no  power  of  diffusing  itself  through 
the  pores  of  an  animal  membrane.  Hence,  protoplasm  can 
be  stored  within  the  organism,  and  retained  without  loss  within 
the  delicate  walls  of  cells.  Protoplasm  always  contains,  how¬ 
ever,  a  larger  or  smaller  quantity  of  certain  mineral  substances, 
which  belong  to  the  group  of  the  so-called  “  crystalloids,”  be¬ 
ing  capable  of  crystallisation,  and  having  the  power  of  ready 
transmission  through  animal  membranes. 

Lastly,  protoplasm  is  solidified  or  “  coagulated  ”  by  exposure 


1  It  has  not  yet  been  shown  that  the  living  matter  which  we  designate 
by  the  convenient  term  of  “  protoplasm  ”  has  universally  and  in  all  cases 
a  constant  and  undeviating  chemical  composition  ;  and  there  is,  indeed, 
reason  to  believe  that  this  is  not  the  case.  It  is  also  certain  that  there  are 
other  materials,  the  exact  use  of  which  we  do  not  at  present  know,  which 
are  absolutely  essential  to  the  maintenance  of  life,  probably  even  in  its 
humblest  manifestations. 
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to  a  temperature  of  from  no0  to  120°  F.,  and  is  stained  of  a 
red  coloui  by  immersion  in  an  ammoniacal  solution  of  carmine. 

In  its  living  condition,  protoplasm  exhibits  the  phenomena 
which  are  characteristic  of  living  beings  in  general.  Thus 
living  protoplasm,  in  its  simplest  and  most  elementary  forms, 
has  the  power  of  assimilating  foreign  materials,  and  hence  is 
able  to  nourish  itselt  and  to  grow.  Similarly,  living  protoplasm 
has  the  power  of  detaching  portions  of  its  own  substance, 
which  may  become  developed  into  new  and  independent 
beings.  Again,  living  protoplasm  has  the  power  of  movement. 
I  his  power  is  reduced  to  its  minimum  when  the  protoplasm  is 
confined  within  a  rigid  outer  wall  or  envelope ;  but  even  in 
such  cases  as  in  vegetable  cells — we  may  often  observe  a 
circulation  or  “rotation”  of  the  enclosed  granules,  when  the 
piotoplasm  is  diluted  with  water.  If  the  protoplasm  is  not 
confined  within  a  rigid  envelope,  it  possesses  the  power  of 
tin  owing  out  longer  or  shorter  prolongations  or  processes  of 
its  own  substance  (“  pseudopodia”),  by  means  of  which  it  can 
obtain  food,  or,  if  free,  move  about  (fig.  1).  Nor  is  this  power 
ot  emitting  “pseudopodia”  restricted  to  animal  protoplasm, 
since  it  is  seen  in  various  of  the  lower  plants  \  and  Dr  Francis 
Darwin  has  shown  that  the  cells  of  the  glandular  hairs  of  the 
Common  1  easel  ( JDipsacus  sylvestris')  emit  mobile  filaments  of 
protoplasm  quite  similar  to  the  “  pseudopodia  ”  of  many  of  the 
lower  animals.  Lastly,  we  may  infer  that  living  protoplasm,  in 
all  its  forms,  is  endowed  with  some  power  of  sensation,  though 
it  is  not  possible  to  prove  this  positively. 

While  protoplasm  is  the  only  essential  or  intrinsic  condition 
of  life,  the  phenomena  of  active  vitality  can  nevertheless  not 
be  manifested  except  under  certain  non-essential  or  extrinsic 
conditions.  In  the  absence  of  these  extrinsic  conditions,  the 
organism  may  remain  for  a  longer  or  a  shorter  period  in  a 
state  of  “  dormant  or  “  potential  ”  vitality,  as  is  seen  in  the 
eggs  of  many  animals  and  the  seeds  of  many  plants,  or  as  may 
occur  in  some  cases  even  in  adult  animals  or  plants.  The 
principal  extrinsic  conditions  of  life  are  the  following 

1.  The  presence  of  water,  living  protoplasm  invariably  con¬ 
taining  a  larger  or  smaller  amount  of  water.  Complete  expul¬ 
sion  ot  water  from  the  organism  is  probably  invariably  fatal  ; 
but  ordinary  desiccation,  though  it  abolishes  all  the  manifesta¬ 
tions  of  active  vitality,  is  nevertheless  not  necessarily  destruc¬ 
tive  to  life.  Thus  many  minute  organisms  (such  as  Rotifers, 
Xematoids,  and  Infusorians)  may  pass  under  desiccation  into 
a  condition  of  suspended  or  dormant  vitality,  becoming  again 
active  when  water  is  supplied  to  them. 
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2.  A  certain  temperature,  varying  from  near  the  fi  ec zing- 
point  to  i2o°  or  i3o°  F.  As  regards  the  higher  animals,  the 
vital  resistance  to  changes  of  temperature  is  slight,  and  any 


Fig  I  — Protogenes  porrecta,  one  of  the  M  oner  a  (after  Max  Schultze),  greatly  enlarged. 
S  The  organism  consists  of  a  naked  mass  of  granular  protoplasm,  which  has  the  power 
of  emitting  iong  thread-like  pseudopodia. 


in-eat  alteration  of  the  normal  temperature  of  the  body,  either 
in  the  way  of  elevation  or  reduction,  is  generally  fatal,  buch 
changes,  however,  if  not  excessive,  and  if  slowly  produced, 
may  only  give  rise  to  a  condition  of  dormant  vitality.  1  hus, 
many  of  the  higher  animals  under  a  prolonged  reduction  ot 
temperature  pass  into  a  condition  of  “  winter-torpidity  (  hi¬ 
bernation  ”).  In  this  state  the  animal  functions  of  locomotion 
and  sensation  are  wholly  abolished,  and  the  purely  vegetative 
functions  of  nutrition  (such  as  respiration,  the  circulation  ot 
the  blood,  and  the  like)  are  reduced  to  their  minimum. 
Among  the  higher  animals,  this  condition  is  only  possible  m 
such  forms  as  can  previously  accumulate  a  large  store  of  fat 
and  albumen  (as,  for  example,  in  the  Hedgehog  and  the  brown 
Bear).  Conversely,  a  long-continued  maintenance  ot  the  tern- 


NATURE,  CONDITIONS,  AND  ORIGIN  OF  LIFE.  II 

perature  of  the  body  at  a  level  higher  than  is  compatible  with 
active  life,  may  give  rise  to  a  condition  of  “  summer-torpidity  ” 
(  aestivation  ).  In  this  case  the  suspension  of  active  vitality 
is  apparently  due  to  the  abstraction  from  the  tissues  of  a  cer¬ 
tain  amount  of  water.  A  temporary  torpidity  of  this  kind  may 
be  produced  in  any  climate  in  small  organisms  (Rotifers, 
Infusoria,  Szc.)  ;  or  it  occurs  in  hot  climates  as  a  periodic 
phenomenon  even  among  the  higher  animals  ( Crocodilia ,  Lepi- 
dosiren ,  & c.). 

As  regards  the  lower  organisms,  the  vital  resistance  to 
changes  of  temperature  is  often  very  great.  Many  of  the  lower 
forms  of  life  can  be  frozen  without  thereby  suffering  more  than 
a  temporary  suspension  of  vitality ;  while  certain  microscopic 
types  (bacteria  and  vibrios)  have  been  shown  in  some  cases  to 
successfully  withstand  exposure  to  a  temperature  considerably 
higher  than  the  boiling-point  of  water. 

3.  The  presence  of  free  oxygen. — As  active  life  is  dependent 
upon  the  oxidation  of  the  living  matter  of  the  body,  the 
presence  of  free  oxygen  may  be  considered  as  normally  essen¬ 
tial.  There  are,  however,  certain  of  the  lower  types  of  life 
(bacteria  and  vibrios)  which  appear  under  certain  circum¬ 
stances  to  be  capable  of  exhibiting  active  vitality,  even  when 
deprived  of  oxygen. 

4.  I  here  are,  finally,  certain  extrinsic  conditions,  such  as 
the  presence  of  sun-light,  which  are  essential  for  the  main¬ 
tenance  of  life  as  a  zvho/e,  though  by  no  means  necessarily 
demanded  for  the  life  of  individuals.  Thus,  vegetable  life  is 
as  a  whole  dependent  upon  sun-light;  and  though  animals  can 
subsist  in  darkness,  animal  life  is  in  reality  dependent  upon 
plant-life,  so  that  the  total  absence  of  the  sun  would  extinguish 
all  life  whatever. 

With  regard  to  the  question  of  the  origin  of  living  matter,  or, 
in  other  words,  of  the  origin  of  life,  it  is  to  be  noted  in  the  first 
place  that  the  question  is  one  involving  two  separate  problems, 
which  are  essentially  distinct,  and  which  under  no  circum¬ 
stances  could  be  solved  by  similar  means.  One  of  these 
problems  relates  to  the  origin  of  life  upon  the  earth  in  the 
beginning,  and  deals  with  the  question  as  to  how  the  pri¬ 
mordial  living  beings  were  produced.  The  solution  of  this 
problem  is,  so  far  as  science  is  concerned,  altogether  imprac¬ 
ticable,  since  Geology  has  rendered  it  abundantly  plain  that 
we  need  never  hope  to  find  any  scientific  evidence,  direct  or 
indirect,  which  would  justify  us  in  forming  anything  beyond  a 
more  or  less  probable  hypothesis  on  the  subject. 

On  the  other  hand,  we  have  the  question  as  to  how  living 
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beings  are  produced  now,  and  this  is  a  problem  wholly  within 
the  sphere  of  legitimate  scientific  investigation.  Up  to  about 
the  middle  of  "the  seventeenth  century  scientific  observers 
generally  believed  that  living  beings  might  be  produced  de  novo 
from  dead  matter,  under  suitable  conditions,  without  the  pre¬ 
existence  of  similar  living  beings.  1  his  supposed  production 
of  living  beings  directly  from  dead  matter  constitutes  what  has 
been  called  “spontaneous  generation,”  generatio  equivoca ,  or 
“  abiogenesis.”  With  regard  to  the  higher  animals  and  plants, 
there  is,  of  course,  the  absolute  certainty  that  new  individuals 
can  only  be  produced  by  reproduction,  and  therefore  through 
the  medium  of  pre-existing  individuals  of  the  same  kind.  1  he 
question  of  abiogenesis  is  thus  narrowed  at  the  present  day  to 
the  alleged  equivocal  generation  of  certain  low  forms  ot  ani¬ 
mal  and  vegetable  life,  all  of  which  are  microscopic,  and  most 
of  which  can  only  be  examined  under  high  powers  ot  the 
microscope.  The  theory  of  abiogenesis  is  that  under  certain 
circumstances  dead  matter  may  build  itself  up  into  living 
matter,  without  the  intervention  of  already  existing  protoplasm  ; 
and  that  this  process  has  not  only  occurred  once,  but  has 
always  been,  and  still  is,  regularly  and  constantly  going  on. 
Without  entering  here  into  the  complicated,  and  in  many  re¬ 
spects  contradictory,  experimental  evidence  upon  this  subject, 
it  may  be  stated  that  there  is  not  in  the  meanwhile  any  suffi¬ 
cient  scientific  basis  for  the  belief  that  even  the  simplest  forms 
of  animal  or  vegetable  life  are  at  the  present  day  produced 
by  any  process  of  abiogenetic  generation.  On  the  contrary, 
there  is  every  reason  to  believe  that,  whatever  may  have  been 
the  case  with  the  first  beginnings  of  life,  living  protoplasm  is 
now  invariably  derived  from  pre-existent  living  protoplasm. 


5.  Elementary  Forms  of  Living  Matter. 

A  single  microscopic  mass  of  protoplasm  may  be  capable  ot 
performing  all  the  great  vital  functions,  and  may  thus  consti¬ 
tute  an  entire  and  independent  organism.  Even  the  highest 
and  most  complex  organisms  begin  their  life  as  a  single  minute 
mass  of  protoplasm,  and  in  their  most  fully  developed  condi¬ 
tion  are  essentially  aggregates  of  such  masses. 

As  has  already  been  seen,  simple  structureless  protoplasm 
is  in  itself  all  that  is  necessary  for  the  manifestation  ot  vital 
phenomena,  but  such  protoplasm  usually  presents  itsell  under 
some  definite  form.  The  most  general,  and  at  the  same  time 
the  most  fundamental,  form  under  which  protoplasm  presents 
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itself,  is  that  of  what  is  termed  a  “  cell,”  and  we  may  therefore 
regard  this  as  the  vital  unit.  A  “cell,”  in  the  strict  accepta¬ 
tion  of  the  term,  consists  of  a  mass  of  protoplasm  (the  “cell- 
contents  ”),  surrounded  by  a  more  or  less  rigid  envelope  (the 
cell-wall  ),  and  having  in  its  interior  a  central  vesicular  or 
solid  body  (“the  nucleus”),  within  which  there  is  usually  a 
still  smaller  body  (the  “nucleolus”).  Such  a  cell  (fig.  2,  A) 
may  be  microscopic  in  size,  or  may  attain  considerable  dimen¬ 
sions  (as  in  the  ovular  cell  of  many  animals). 


Fig.  2.— A,  Isolated  cell  (ovum  of  a  Sea-Urchin),  greatly  enlarged.  «/  Cell-wall  (vitelline 
membrane  ’);/ Protoplasmic  cell-contents  (“yelk  ”);  n  Nucleus  (“germinal  ves- 
JS1*”);  \\  Nucleolus  (“germinal  spot”).  B,  A  vegetable  cell,  greatly  enlarged,  w 
Cell-wall;  p  Protoplasmic  cell-contents,  showing  large  spaces  or  “vacuoles”  (7 /), 
filled  with  sap  ;  n  Nucleus,  with  two  nucleoli.  C,  Gyinnocyte  or  naked  cell  (young 
Amoeba ),  greatly  enlarged,  ec  External  layer  of  clear  protoplasm  (“  ectoplasm  ”)  ; 
en  Internal  mass  of  fluid,  granular  protoplasm  (“endoplasm”);  u  Nucleus;  v  One 
of  the  vacuoles  in  the  endoplasm ;  cv  Large,  permanent,  contractile  vacuole 
(  contractile  vesicle  ”).  (After  Fol,  Sachs,  and  Leidy.) 

The  “cell-wall,”  or  outer  envelope  of  the  cell,  may  be  re¬ 
garded  as  formed  by  chemical  change  of  the  external  layer  of 
the  cell-contents.  It  is  thin  in  young  cells,  but  is  liable  to  be¬ 
come  thicker  with  age,  the  nutrition  of  the  cell  being  thereby 
interfered  with,  since  the  thickness  of  the  wall  prevents  the 
free  interchange  of  matter  between  the  internal  protoplasm  and 
the  external  medium.  The  cell-wall  may  be  imperforate,  but 
it  is  often  tubulated  or  porous,  thus  allowing  the  contained 
protoplasm  to  give  out  external  processes  (as  in  the  ovular  cell 
of  many  animals),  or  permitting  a  direct  connection  between 
the  protoplasm  of  adjoining  cells  (as  in  many  plants).  As  a 
rule,  the  cell-wall  is  composed  of  some  albuminoid  substance, 
in  the  case  of  animal  cells;  but  is  formed  of  cellulose  or 
woody  matter  in  vegetable  cells. 

The  “cell-contents  ”  are  primitively  composed  of  protoplasm 
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(fig.  2,  A,  p\  through  which  are  scattered  numerous  granules 
(probably  of  a  fatty  nature),  along,  in  many  cases,  with  minute 
clear  globular  spaces,  which  are  occupied  by  fluid,  and  which 
are  termed  “vacuoles”  (fig.  2,  B,  v).  As  the  cell  becomes 
older,  the  protoplasm  gradually  becomes  reduced  in  amount, 
and  it  may  finally  become  wholly  replaced  by  some  other  sub¬ 
stance  (such  as  fat).  As  the  cell-wall  is  more  or  less  ngid,  t  ie 
contained  protoplasm  cannot  throw  out  processes  or  “  pseudo 
podia,”  except  in  cases  where  the  cell-wall  may  be  porous. 
An  internal  circulation,  or  “  rotation,  of  the  protoplasm,  is, 
however,  often  observable.  . 

The  “nucleus,”  or  “  endoplast,”  of  the  cell  is  a  hollow  or 
solid  body,  of  variable  form,  contained  within  the  protoplas¬ 
mic  cell-contents  (fig.  2,  n).  It  is  usually  deeply  stained  b> 
carmine,  and  it  may  be  regarded  as  a  kind  of  centie  toi  tie 
vital  activity  of  the  cell.  Very  often  the  nucleus  becomes 
smaller,  or  disappears  altogether,  as  the  cell  grows  older.  In 
other  cases,  more  than  a  single  nucleus  may  be  present.  1  ie 
“nucleolus”  is  a  still  smaller  body,  contained  within  the  nu¬ 
cleus,  and  sometimes  in  turn  containing  a  central  spot  of  stifi 
more  minute  dimensions.  The  nucleolus  sometimes  gives  otl 
radiating  threads  or  processes  of  protoplasm  (fig.  2,  A,  n ). 

A  typical  “cell”  is  constituted  as  above  described,  and  we 
may  regard  this  as  pre-eminently  the  elementary  form  of  living 
matter.  It  is  not  unusual,  however,  to  find  that  certain  ot  the 
structures  which  are  present  in  a  typical  “  cell  ”  may  be  want¬ 
ing  in  an  elementary  mass  of  protoplasm.  I  bus  the  external 
envelope  or  “cell-wall”  is  commonly  wanting,  the  vital  unit 
then  consisting  of  a  mass  of  granular  and  vacuolated  proto¬ 
plasm  with  a  nucleus  and  nucleolus,  but  without  a  definite 
investment.  Such  a  structure  has  been  termed  a  “gymno- 
cyte”  (ficr.  2,  C).  In  such  cases,  though  no  definite  wall  is 
present,  It  is  usual  to  find  that  the  outer  layer  of  the  proto¬ 
plasm  (“ectoplasm”)  is  comparatively  firm,  and  at  the  same 
time  clear  and  free  from  granules ;  while  the  internal  proto¬ 
plasm  (“endoplasm”)  is  comparatively  fluid,  and  is  filled  with 
granules  and  vacuoles.  Owing  to  the  absence  of  a  restraining 
wall  the  protoplasm  of  a  “gymnocyte”  has  the  power  ot 
throwing  out  variable  and  temporary  processes  of  its  own 
substance  (“  pseudopodia  ”),  by  means  ot  which  it  obtains 

food  and  moves  about.  ,  .  ... 

In  other  cases,  again,  not  only  is  the  cell  -  wall  absent, 
but  the  nucleus  and  nucleolus  are  likewise  not  developec. 
In  such  a  case  we  have  to  deal  simply  with  an  independent 
mass  of  granular  protoplasm  without  a  central  nucleus,  01  a 
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may  join  together  to  form  a 


Fig.  3. — Protamccba  primitively  a  “  cytode,” 
or  non  -  nucleated  mass  of  protoplasm, 
greatly  enlarged  (after  Haeckel).  A,  An 
individual  with  a  single  pseudopodium  pro¬ 
truded  ;  B,  Another  individual,  dividing  by 
transverse  cleavage  into  two  portions. 


containing-wall,  and  to  such  Haeckel  has  given  the  name  of  a 
‘•cytode”  (fig.  3).  In  some  cases,  both  among  animals  and 
plants,  a  number  of  cytodes 
sort  of  reticulation,  to  which 
the  name  of  “  plasmodium  ” 
is  applied. 

While  we  may  consider  the 
“  cell  ”  as  the  normal  vital 
unit,  it  will  be  evident  from 
the  above  that  the  simplest 
expression  of  life  is  truly  to 
be  found  in  the  living  proto¬ 
plasm,  and  that  the  cell-wall, 
nucleus,  and  nucleolus  are 
subsidiary  to  this,  and  com¬ 
paratively  non-essential. 

A  single  microscopic  mass 
of  protoplasm — whether  in  the 
form  of  a  cell,  a  gymnocyte,  or  a  cytode — may  constitute  an 
entire  organism.  Such  a  mass  of  protoplasm  has  therefore 
the  power  not  only  of  nourishing  itself,  but  also  of  giving  rise 
by  reproduction  to  new  masses  of  protoplasm  similar  to  itself. 
The  principal  methods  by  which  a  primitive  mass  of  proto¬ 
plasm  reproduces  itself  are  twofold.  In  the  first  of  these 
methods  (fig.  4),  the  original  mass  of  protoplasm  throws  out 
a  bud  or  process  of  its  own 
substance  at  some  point  in  its 
periphery.  This  bud  gradu¬ 
ally  increases  in  size,  while  its 
connection  with  the  parent 
mass  becomes  more  and  more 
constricted.  Ultimately,  the 
bud  is  thrown  off  as  a  new 
and  independent  mass  of  pro¬ 
toplasm,  and  it  may  develop 
a  new  nucleus,  nucleolus,  and 
cell-wall.  The  above  mode  of 
increase  is  not  unusual  both 
among  animal  and  vegetable 
cells,  and  it  constitutes  what 
is  known  as  “gemmation.”  A 

still  more  common  mode,  in  which  a  primitive  mass  of  proto¬ 
plasm  multiplies  itself,  is  by  a  simple  division  of  its  substance 
into  two  or  more  parts,  constituting  what  is  known  as  “  cleav¬ 
age  ”  or  “fission.”  In  this  process  (fig.  5),  the  protoplasm 


Fig.  4. — Cells  of  the  Yeast-plant,  producing 
fresh  cells  by  a  process  of  gemmation. 
Magnified  2800  diameters.  (After  Beale.) 
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pig.  5. —Cleavage  of  the  yelk  of  the  ovum  of 
A  scan's  nigrovenosa .  (After  Kolliker.) 


divides  itself  into  two  nearly  equal  halves,  the  cleavage  being 
generally  preceded  by  a  partition  of  the  nucleus  into  two 
nuclei.  The  process  is,  however,  really  independent  of  the 

nucleus,  as  it  commonly 
takes  places  in  a  mass  of 
protoplasm  (“cytode”)  in 
which  a  nucleus  is  not  de¬ 
veloped  (fig.  3).  A  third, 
less  common,  method  of 
reproduction  is  what  is 
termed  the  “endogenous” 
production  of  new  cells. 
This  is  constituted  by  the 
appearance  in  the  proto¬ 
plasm  of  the  primitive  cell  of  a  larger  or  smaller  number  of 
secondary  nuclei,  round  which  the  protoplasm  gradually  segre¬ 
gates  itself  to  form  so  many  daughter  cells. 

As  has  been  seen,  a  single  cell,  gymnocyte,  or  cytode  may 

constitute  an  entire  and  indepen¬ 
dent  organism.  In  such  cases,  the 
masses  of  protoplasm  produced  by 
one  or  other  of  the  above-mentioned 
methods  of  multiplication  aie  sep¬ 
arated  from  the  parent,  to  lead  an 
independent  lile  as  new  organisms. 
In  the  great  majority  of  animals  and 
plants,  however,  the  new  masses  of 
protoplasm,  produced  as  above,  are 
not  separated  from  the  parent  mass, 
but  remain  connected  with  it  and 
with  one  another.  Hence  the  higher 
animals  and  plants  are  “multicellu¬ 
lar,”  the  primitive  ovular  cell  being 
ultimately  converted  into  an  aggre¬ 
gate  ot  cells,  constituting  the  adult  01- 
ganism.  The  life  of  such  an  aggre¬ 
gate  is  the  combined  life  ot  its  con¬ 
stituent  units  ;  but  each  cell  of  the 
aggregate  has  a  life  ot  its  own,  which 
is  shorter  than  that  of  the  whole 
organism,  and  is  independent  ot  it. 
Moreover,  in  these  multicellular  ag¬ 
gregates  (fig.  6),  the  constituent  cells 
usually  come  in  the  course  of  growth  to  lose  their  primitive 
similarity.  They  become  variously  modified,  oi  ditteicnti 


Fig.  6.— Embryo  (“planula”)  of 
a  Coelenterate  animal,  greatly 
magnified.  1  be  organism  is  com¬ 
posed  of  many  cells,  produced  by 
the  division  of  the  primitive  ovu¬ 
lar  cell  ;  and  the  cells  which  form 
the  outer  layer  of  the  body  \ec) 
are  different  to  those  forming  the 
interior  (<’>/). 
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ated,  in  different  regions  of  the  body,  thus  constituting 
the  so-called  tissues  of  the  body.  I  he  chief  groups  of 
tissues  are  the  “connective  tissues ”  (ordinary  connective  tis¬ 
sue,  cartilage,  bone,  &c.),  the  “epithelial  tissues ”  (epithelium, 
epidermis),  the  muscular  tissues  ”  (voluntary  and  involuntary 
muscles),  and  the  nervous  tissues  ”  (nerve-cells  and  nerve- 
fibres).  Each  tissue  discharges  its  own  function  in  the  econ¬ 
omy;  and  they  are  usually  so  combined  with  one  another 
as  to  give  rise  in  the  higher  animals  and  plants  to  those 
definite  parts  or  structures  which  are  known  as  “organs.” 
All  living  beings  which  possess  such  definite  “  organs'”  are 
said  to  be  “  organised.”  As  has  been  already  seen,  however, 
organisation  is  not  essential  to  life,  all  the  fundamental 
phenomena  of  vitality  being  manifested  by  apparently  struc¬ 
tureless  protoplasm. 


6.  Aspects  in  which  a  Living  Being  may  be  studied. 

Every  living  being,  whether  animal  or  vegetable,  may  be 
studied  from  various  points  of  view,  its  investigation  from 
each  of  which  constitutes  a  special  branch  of  biological 
science.  The  aspects  under  which  a  living  being  requires  to 
be  studied,  in  order  to  obtain  a  complete  history  of  it,  are  the 
following  : — 

1.  Morphology. — The  first  and  most  important  knowledge 
which  it  is  necessary  to  obtain  with  regard  to  any  animal 
relates  to  its  external  and  internal  structure.  This  constitutes 
what  is  known  as  “  Morphology,”  and  embraces  not  only  a 
knowledge  of  its  internal  and  external  organisation  (anatomy), 
but  also  an  acquaintance  with  such  superficial  features  as 
colour  and  the  like,  which  are  not  strictly  anatomical.  The 
term  “  Histology  ”  is  further  employed  to  designate  that  branch 
of  Morphology  which  is  specially  occupied  with  the  investiga¬ 
tion  of  minute  or  microscopical  tissues. 

2.  Physiology. — Having  acquired  a  knowledge  of  the  form 
and  structure  of  a  living  being,  we  have  next  to  study  its  vital 
functions,  this  constituting  the  science  of  “Physiology.” 
Ender  this  head  we  have  to  investigate  all  the  functions 
exercised  by  living  bodies,  or  by  the  various  definite  parts  or 
organs  of  which  most  animals  are  composed.  All  these  func¬ 
tions  come  under  three  heads  : — i.  Functions  of  Nutrition , 
divisible  into  functions  of  absorption  and  metamorphosis, 
comprising  those  functions  which  are  necessary  for  the  growth 
and  maintenance  of  the  organism.  2.  Functions  of  Reproduc- 

B 


iS 


MANUAL  OF  ZOOLOGY. 


tion.  whereby  the  perpetuation  of  the  species  is  secuied.  3. 
Functions  of  Relation ,  comprising  all  those  functions  (such  as 
sensation  and  voluntary  motion)  by  which  the  external  world 
is  brought  into  relation  with  the  organism,  and  the  organism 
in  turn  reacts  upon  the  external  world. 

Of  these  three,  the  functions  of  nutrition  and  reproduction 
are  often  collectively  called  the  functions  of  organic  or  vege¬ 
tative  life,  as  being  common  to  animals  and  plants  ;  while  the 
functions  of  relation  are  called  the  animal  functions,  as  being 
more  especially  characteristic  of,  though  not  peculiar  to, 

3  Development. — While  Morphology  deals  with  the  fonn 
and  structure  of  the  adult  being,  the  science  of  “  Develop¬ 
ment”  or  “Embryology”  is  concerned  with  the  study  ot  the 
various  changes  through  which  the  organism  passes  before  it 
assumes  its  mature  and  final  characters.  As  regards  the  higher 
animals,  these  changes  are  mostly  numerous  and  complex, 
and  the  study  of  development  constitutes  one  of  the  most 
intricate  of  the  departments  of  Biological  Science. 

4.  Geographical  Distribution. — Under  this  head  is  embraced 
a  knowledge  of  the  relations  of  each  living  being  to  the  world 
outside  it.  In  studying,  therefore,  the  “  Distribution  in  Space 
of  an  animal,  we  have  to  investigate  the  area  which  it  now 
inhabits,  the  conditions  of  its  existence,  and  the  like. 

3.  Distribution  in  Time.— Not  only  has  each  living  being  a 
“  geographical  distribution,”  but  it  also  has  a  history  as  a 
sifecies  ;  though  it  is  only  in  the  case  of  organisms  possessing 
hard  parts  or  skeletons  that  we  can,  as  a  rule,  investigate  this 
history.  In  the  case,  therefore,  of  each  animal,  it  is  necessary 
to  investigate,  so  far  as  possible,  the  time  ot  its  first  introduc¬ 
tion  upon  the  earth,  the  duration  of  its  existence  as  a  species, 
its  geographical  range  in  past  time,  and  other  similai  points. 
The  study  of  these  questions  constitutes  a  special  department 
of  Biology,  to  which  the  name  of  “  Palaeontology  is  usually 


6.  Classification  or  Taxonomy. — Under  this  head  are  em¬ 
braced  all  those  points  which  are  connected  with  the  relations 
of  each  living  being  to  other  different  forms  of  life,  and  which 
serve  to  fix  the  place  occupied  by  any  given  type  in  the  entire 

serieS# 

-  Evolution.  —  Lastly,  there  exists  a  branch  of  Biology 
which  does  not  deal  with  a  living  being  as  an  individual,  but 
which  investigates  the  origin  and  history  of  those  groups  of 
similar  individuals  which  constitute  what  are  understood  as 
species.  This  constitutes  the  science  of  “  Evolution. 
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7.  Differences  between  Animals  and  Plants. 

Living  beings,  as  has  been  seen,  are  usually  divided  into 
two  great  series,  the  one  comprising  animals,  the  other 
plants ;  and  in  accordance  with  this,  the  science  of  Biology  is 
broken  up  into  the  two  subordinate  sciences  of  Zoology^and 
Botany.  When  we  come,  however,  to  inquire  into  the  differ¬ 
ences  which  distinguish  and  separate  animals  from  plants,  we 
find  that  these  are  by  no  means  so  clearly  marked  as  we  might 
have  expected.  In  individual  cases  it  is  often  extremely  diffi¬ 
cult  to  come  to  any  decision  as  to  the  reference  of  a  given 
organism  to  the  animal  or  the  vegetable  kingdom ;  and  there 
are  numerous  instances  in  which  the  determination  of  this 
point  is,  with  our  present  knowledge,  largely  arbitrary.  So 
strongly,  in  fact,  has  this  difficulty  been  felt,  that  some  observers 
have  established  an  intermediate  kingdom  (the  Regnum  protis- 
ticum  of  Haeckel),  a  sort  of  no-man’s-land,  for  the  reception 
of  those  debatable  organisms  which  cannot  be  definitely  and 
positively  classed  either  among  vegetables  or  among  animals. 

In  the  case  of  the  higher  animals  and  plants,  the  difficulty 
above  alluded  to  is  not  felt ;  the  former  being  at  once  distin¬ 
guished  by  the  possession  of  a  nervous  system,  of  motor  power 
which  can  be  voluntarily  exercised,  and  of  an  internal  cavity 
fitted  for  the  reception  and  digestion  of  solid  food.  The 
higher  plants,  on  the  other  hand,  possess  no  nervous  system 
or  organs  of  sense,  are  incapable  of  independent  locomotion, 
and  are  not  provided  with  an  internal  digestive  cavity,  their 
food  being  wholly  fluid  or  gaseous.  These  distinctions,  how¬ 
ever,  do  not  hold  good  as  regards  the  lower  and  less  highly 
organised  members  of  the  two  kingdoms,  many  animals  having 
no  nervous  system  or  internal  digestive  cavity,  whilst  many 
plants  possess  the  power  of  locomotion ;  so  that  we  are  com¬ 
pelled  to  institute  a  closer  comparison  in  the  case  of  these 
lower  forms  of  life. 

a.  Form. — As  regards  external  configuration,  of  all  charac¬ 
ters  the  most  obvious,  it  must  be  admitted  that  no  absolute 
distinction  can  be  laid  down  between  plants  and  animals. 
Many  of  our  ordinary  zoophytes,  such  as  the  Hydroid  Polypes, 
the  Sea-shrubs  and  Corals — as,  indeed,  the  name  zoophyte 
implies — are  so  similar  in  external  appearance  to  plants  that 
they  were  long  described  as  such.  Many  of  the  Polyzoa  are 
equally  plant-like  in  appearance.  Amongst  the  lower  uni¬ 
cellular  forms  of  life  ( Protozoa  and  Protophyta),  the  resem¬ 
blance  in  external  form  is  so  close  as  to  entirely  preclude  the 
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employment  of  this  character  in  deciding  on  the  animal  or 
vegetable  nature  of  the  organism.  Indeed,  there  are  many  of 
these  lowly-organised  beings,  such  as  the  Volvoces  (fig.  7,  c),  as 
to  which  it  is  still  quite  uncertain  whether  they  are  properly 
referable  to  the  animal  or  the  vegetable  kingdom.  Moreover, 
the  embryonic  forms  or  “zoospores”  of  certain  undoubted 
plants  (such  as  Protococcus  nivalis,  Vaucheria,  &c.)  are  provided 
with  ciliary  appendages,  with  which  they  swim  about  (fig-  7) 
a  and  b),  thus  coming  to  closely  resemble  the  undoubtedly 
animal  Infusorians. 


Fig  7  —  Algae  and  Infusoria,  a  Ciliated  zoospores  of  Conferva;  l>  Ciliated  z°6spore 
S  of  Vaucheria;  c  Volvox  globator,  a  locomotive  fresh-water  plant (.),  d  Euplotis 
charon ,  one  of  the  Infusoria.  All  greatly  magnified.  SOl- 


b.  Internal  Structure. — Here,  again,  no  line  of  demarcation 
can  be  drawn  between  the  animal  and  vegetable  kingdoms. 
In  this  respect  all  plants  and  animals  are  fundamentally  simi¬ 
lar  the  essential  structural  unit  being  in  both  the  “  cell.” 

1  c.  Chemical  Composition.— Plants,  speaking  generally,  exhibit 
a  preponderance  of  ternary  compounds  of  carbon,  hydrogen, 
and  oxygen  — such  as  starch,  cellulose,  and  sugar  — whilst 
nitrogen ised  compounds  enter  more  largely  into  the  compo¬ 
sition  of  animals.  Still  both  kingdoms  contain  identical  or 
representative  compounds,  though  there  may  be  a  difference 
in  the  proportion  of  these  to  one  another.  Moreover,  the 
most  characteristic  of  all  vegetable  compounds  viz.,  cellulose 

_ pas  been  detected  in  the  outer  covering  of  the  Sea-squirts, 

or  Ascidians  (Tunicata) ;  and  the  so-called  “  glycogen,”  which 
is  secreted  by  the  liver  of  the  Mammalia,  is  closely  allied  to,  it 
not  absolutely  identical  with,  dextrine,  a  substance  isomeric 
with  starch.  As  a  general  rule,  however,  it  may  be  stated 
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lhat  the  presence  in  any  organism  of  an  external  envelope 
of  cellulose  raises  a  strong  presumption  of  its  vegetable  nature 
In  the  face,  however,  of  the  facts  above  stated,  the  presence 
of  cellulose  cannot  be  looked  upon  as  absolutely  conclusive 
Ano  her  highly  characteristic  vegetable  compound  is  chloro- 
phyll  the  green  colouring -matter  of  plants.  Any  organism 
which  exhibits  chlorophyll  in  any  quantity,  as  a  proper  ele¬ 
ment  of  its  tissues,  is  most  probably  vegetable.  As  in  the 
case  of  cellulose,  however,  the  presence  of  chlorophyll  cannot 
be  looked  upon  as  a  certain  test,  since  it  occurs  normally  in 
certain  undoubted  animals  {e.g.,  Hydra  viridis,  the  common 

Fresh-water  Polype;  the  Trumpet  Animalcule  or  Stentor  •  cer¬ 
tain  Plananans,  &c.). 

d  Motor  Power.— This,  though  broadly  distinctive  of  ani¬ 
mals,  can  by  no.  means  be  said  to  be  characteristic  of  them, 
thus,  many  animals  in  their  mature  condition  are  perma¬ 
nently  fixed,  or  attached  to  some  foreign  object;  and  the 
embryos  of  many  plants,  together  with  some  adult  forms,  are 
endowed  with  locomotive  power  by  means  of  those  vibratile 
hair-like  processes  which  tare  called  “  cilia  ”  or  “  flagella  ”  and 
which  are  so  characteristic  of  many  of  the  lower  forms  of 
animal  life.  Moreover,  many  of  the  higher  plants  exhibit 
movements  which  are  essentially  similar  to  those  presented 
f  animals,  and  which  are  quite  as  extensive  as  is  compatible 
with  their  fixed  and  rooted  condition;  while  contractility  is 
an  inherent  property  of  vegetable  protoplasm,  just  as  much  as 
it  is  of  that  of  animals. 

c.  Metabolic  Processes. — A  much  more  valid  distinction  be¬ 
tween  animals  and  plants  than  is  yielded  by  any  of  the  points 
previously  considered,  is  afforded  by  the  nature  of  the  nutri¬ 
tive  or  metabolic  processes  in  each.  Plants,  as  a  whole,  differ 
rom  animals  in  possessing  the  power  of  converting  inorganic 
into  organic  matter.  The  food  of  plants  consists  of  carbonic 
acid,  ammonia,  water,  and  certain  mineral  salts,  these  being 
materials  which  occur  in  nature  independently  of  life.  Out 
of  these  stable  inorganic  materials  the  plant  has  the  power  of 
building  up  protoplasm  and  the  other  unstable  organic  com¬ 
pounds  of  which  its  tissues  are  composed.  More  especially, 
p  ants  possess  the  power,  denied  to  all  undoubted  animals, 
of  breaking  up  or  decomposing  carbonic  acid  gas,  retaining 
the  carbon  of  the  same  and  setting  free  the  oxygen.  For  the 
exercise  of  this  power,  however,  two  conditions  are  requisite — 
mz.,  the  presence  of  sun-light,  and  the  existence  in  the  plant- 
tissues  o  1  chlorophyll. 

As  has  been  previously  seen,  chlorophyll  is  the  green 
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colouring-matter  of  plants,  but  occurs  also  in  various  animals. 

It  usually  presents  itself  in  the  form  of  minute  granules 
(“  chlorophyll-corpuscles  ”),  in  the  interior  of  which  stare  - 
grains  are  formed  under  the  action  of  sun-light.  As  the  power 
of  decomposing  carbonic  acid  belongs  to  the  chlorophy  - 
corpuscles,  it  follows  that  it  is  only  by  the  green  parts  of 
plants  that  this  feat  of  vital  chemistry  is  accomplished.  1  he 
colourless  parts  of  plants  take  no  part  in  this  action  an 
those  plants  which  contain  no  chlorophyll  Fungi)  are 
unable  to  decompose  carbonic  acid.  Hence,  such  plants 
obtain  the  organic  compounds  which  they  require  directly 
from  the  tissues  of  other  living  beings  (vegetables  or  animals), 
or  from  the  decomposing  remains  of  organisms.  \\  hat  is  tne 
precise  function  of  chlorophyll  in  those  animals  which  possess 
this  colouring-matter  has  not  yet  been  determined. 

On  the  other  hand,  no  known  animal  possesses  the  power 
of  converting  inorganic  compounds  into  organic  matter,  but 
all,  mediately  or  immediately,  are  dependent  in  this  respect 
upon  plants.  All  animals,  as  far  as  is  certainly  known,  require 
ready-made  proteinaceous  matter  for  the  maintenance  of  ex 
ence!  and  this  they  can  only  obtain  in  the  first  instance  horn 
plants.  Animals,  in  fact,  differ  from  plants  in  requiring  as 
food  complex  organic  bodies,  which  they  ultimately  reduce 
very  much  simpler  inorganic  bodies.  The  nutrition  of  animals 
is  l  process  of  oxidation  or  burning,  and  consists  essential1)1 
the  conversion  of  the  energy  of  the  food  into  vita i  work ,  th 
conversion  being  effected  by  the  passage  of  the  food  into  living 
tissue.  Plants,  therefore,  are  the  great  manufacturers  in  natuie, 
—animals  are  the  great  consumers.  The  Fungi  are,  however, 
economically  speaking,  animals.  There  are  also  various  car¬ 
nivorous  ”  plants  (the  Sun-dew,  Venus’s  Fly-trap,  Utncnhina, 
&c.)  which  are  genuine  plants  in  so  far  that  they  can  decom¬ 
pose  carbonic  acid  and  build  up  starch,  but  which  neverthe¬ 
less  have  the  power  of  digesting  and  absorbing  ready-made 
organic  materials  in  precisely  the  same  way  as  animals  do. 

f  Reactions  on  the  Atmosphere— It  may  be  roughly  stated 
that  the  process  of  “  respiration  ”  is  carried  out,  in  one  orm 
or  another,  by  all  living  beings  alike,  however  simple  then 
structure  may  be.  The  essential  phenomenon  in  respiration, 
in  all  its  forms,  is  the  absorption  of  oxygen  by  the  tissues  the 
union  of  the  same  with  the  waste  carbon  of  the  body,  and  the 
evolution  of  the  carbonic  acid  thereby  produced.  1  he  Process 
is  therefore  one  of  the  oxidation  and  combustion  of  the 
waste  products  of  the  organism  ;  and  it  constitutes  just  as 
essential  a  portion  of  the  vital  processes  ol  plants  as  it  does 
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ot  those  of  animals.  1  here  is,  however,  an  important  dis¬ 
tinction  between  animals  and  plants  as  regards  their  reaction 
upon  the  atmosphere.  In  both  cases,  the  result  of  respiration 
is  to  add  carbonic  acid  to  the  atmosphere ;  and  in  the  case 
of  animals  this  gas  is  always  being  exhaled  into  the  air  or 
water,  since  its  evolution  by  the  respiratory  process  is  not 
interfered  with,  or  neutralised  in  any  way.  In  the  case  of 
plants,  on  the  other  hand,  not  only  is  the  respiratory  process 
less  energetic,  and  the  resulting  carbonic  acid  correspondingly 
smaller  in  amount  than  in  animals,  but  the  carbonic  acid  is 
employed  by  the  plant  as  food.  By  the  action  of  the  chloro¬ 
phyll  during  the  daytime,  the  carbonic  acid  of  respiration  is 
thus  broken  up  into  its  constituent  carbon  and  oxygen,  the 
former  being  retained  by  the  plant,  while  the  latter  is  set  free. 
Hence,  during  the  daytime,  the  green  parts  of  plants  are 
constantly  exhaling  oxygen  gas  into  the  atmosphere,  the  evo¬ 
lution  of  carbonic  acid  being  masked  or  neutralised  by  the 
process  of  digestion.  There  is  thus  maintained  an  approxi¬ 
mate  uniformity  in  the  amount  of  carbonic  acid  present  in  the 
atmosphere.  Animals,  by  their  respiration,  and  by  the  decom¬ 
position  of  their  bodies  after  death,  are  constantly  adding 
carbonic  acid  to  the  atmosphere,  and  at  the  same  time  are 
incessantly  abstracting  oxygen.  Plants,  on  the  other  hand, 
are  constantly  removing  carbonic  acid  from  the  atmosphere, 
and  are  adding  oxygen  to  it.  Hence  a  balance  is  kept  up,  the 
members  ot  each  great  division  of  living  beings  adding  to  the 
atmosphere  the  ingredients  necessary  to  the  life  of  the  other. 

8.  Likenesses  and  Unlikenesses  in  Animals. 

It  is  a  matter  of  universal  recognition  that  there  exist 
points  of  similarity  and  dissimilarity  between  different  kinds 
of  animals.  Many  of  the  likenesses  between  animals  are  too 
obvious  to  escape  the  commonest  observation.  Thus,  it  is 
universally  recognised  that  cats  are  like  tigers,  and  that  both 
in  a  less  degree  are  like  dogs  and  wolves.  In  the  same  way 
there  is  a  general  recognition  that  there  is  a  common  likeness 
between  whales  and  fishes  and  seals,  as  there  is  also  between 
bats  and  birds.  On  the  other  hand,  many  of  the  likenesses 
and  unlikenesses  between  animals  are  more  deeply  hidden, 
and  can  only  be  determined  by  close  and  methodical  investi¬ 
gation.  Moreover,  it  is  easy  to  discover  that  there  are  not 
only  different  grades,  but  also  different  kinds  of  likeness  and 
unlikeness  between  different  animals.  Zoology,  as  a  science, 
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is  largely  based  upon  the  study  of  the  points  of  similarity 
and  dissimilarity  among  animals,  and  the  investigation  of  the 
causes  to  which  these  are  due  ;  and  it  becomes  necessary, 
therefore,  to  consider  the  whole  of  this  subject  in  some  detai  . 

It  has  been  already  seen  that  there  are  two  principal  aspects 
in  which  each  animal  may  be  studied.  One  of  these  \s  mor¬ 
phological,  and  deals  with  the  form  and  structure  of  the  animal; 
the  other  is  physiological,  and  is  concerned  with  the  manner  in 
which  the  organism  discharges  its  vital  functions.  It  is  only 
in  one  or  other  of  these  two  aspects  that  an  animal  can  either 
resemble  or  differ  from  any  other.  Any  two  animals,  there¬ 
fore,  may  be  like  one  another  morphologically,  but  may  be 
unlike  physiologically ;  or  they  may  be  like  physiologically  and 
unlike  morphologically ;  or,  finally,  they  may  not  only  agree  m 
structure,  but  they  may  also  have  the  same  habits  of  life,  and 
may  discharge  their  physiological  functions  in  the  same  "jay. 

The  primary  morphological  distinction  among  animals 
arises  from  the  unicellular  or  multicellular  character  of  the 
organism.  The  simplest  organisms  retain  permanently  the 
form  of  a  simple  or  modified  “cell”;  or  they  may  even  not 
reach  this,  and  may  remain  in  the  condition  of  a  “  cytode, 
or  non-nucleated  mass  of  protoplasm,  by  which  all  the  \  ital 
functions  are  discharged.  Such  simple  organisms  are  grouped 
together  under  the  collective  name  of  the  Protozoa.  lne 
higher  animals  are  all  multicellular,  the  body  consisting  of  an 
aggregate  of  cells ;  and  these  are  grouped  together  under  the 

collective  name  of  the  Metazoa.  . 

Specialisation  of  Functions. — Among  the  simpler  Protozoa 
the  general  protoplasm  of  the  body  discharges  indifferent  y 
the  functions  of  nutrition,  reproduction,  and  relation,  no  par¬ 
ticular  portion  being  set  apart  for  the  discharge  ot  any  par¬ 
ticular  function.  Hence  these  types  exhibit  nothing  which 
can  be  properly  spoken  of  as  “  organisation,  nor  do  t  ley 
show  anything  of  that  phenomenon  which  is  known  as  “  special¬ 
isation  of  functions.”  Among  the  higher  Protozoa  there  is  a 
commencement  to  a  differentiation  of  the  protoplasm  into 
organs  and  there  is  therefore  to  some  extent  a  physiological 
distinction  between  different  parts  of  the  organism. 

On  the  other  hand,  among  the  Metazoa,  where  the  organism 
is  an  aggregate  of  cells,  there  is  always  to  a  greater  or  less  ex¬ 
tent  what  has  been  happily  called  a  “  physiological  division  of 
labour  ”•  some  of  the  cells  being  concerned  with  the  nutrition 
of  the  organism,  others  with  its  reproductive  functions,  and 
others  with  its  relations  to  the  world  outside  it.  _ 

Hence  in  all  the  Metazoa  there  occurs,  in  varying  degrees,  a 
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specialisation  of  functions,  or,  in  other  words,  a  setting  apart  of 
special  cells  for  the  discharge  of  special  functions.  As  the  result 
of  this  physiological  division  of  labour  among  the  constituent 
cells  of  the  organism,  there  occurs  —  in  a  similarly  varying 
degree  —  a  metamorphosis  of  the  cells  into  different  tissues. 

Hence,  pari  passu  with,  and  in  consequence  of,  the  physio¬ 
logical  division  of  labour  in  the  cells  of  the  organism,  there 
is  produced  an  ever-increasing  complexity  of  organic  form  and 
structure.  Moreover,  as  we  pass  upwards  from  the  lower  to 
the  higher  Metazoa ,  we  find  that  the  primary  physiological 
functions  become  themselves  specialised,  becoming  broken  up 
into  numerous  secondary  functions,  each  of  which  requires 
specially  modified  cells  for  its  discharge.  It  follows  from  the 
above  that  many  of  the  morphological  characters  of  animals 
are  the  result  of  the  varying  degrees  to  which  their  functions 
are  specialised.  It  follows,  further,  that  two  animals  which 
happen  to  lead  the  same  kind  of  life,  and  which  are  therefore 
physiologically  similar,  must  necessarily  exhibit  a  certain  de¬ 
gree  of  morphological  likeness  ;  while,  conversely,  two  animals 
which  have  a  real  similarity  in  structure  may  appear  to  differ 
widely,  if  they  are  differently  specialised  from  a  physiological 
point  of  view. 

As  has  been  already  mentioned,  the  three  primary  physio¬ 
logical  functions  of  nutrition,  reproduction,  and  relation,  which 
may  be  said  to  be  common  to  all  organisms,  are  in  the  higher 
forms  of  life  much  more  complex  than  in  the  lower.  There  is, 
therefore,  a  corresponding  increase  in  the  complexity  of  the 
organs  which  discharge  these  functions,  as  we  ascend  in  the 
animal  scale.  Among  the  lower  Metazoa  particular  groups  of 
cells  may  discharge  special  functions,  but  may  at  the  same 
time  undergo  little  or  no  modification  in  structure.  Cells  of 
this  kind,  which  are  physiologically  specialised,  while  remain¬ 
ing  morphologically  unmodified,  constitute  what  have  been 
called  “  elementary  organs.”  Thus,  the  primitive  organ  of 
vision  is  only  a  group  of  epithelial  cells  capable  of  being 
excited  by  the  stimulus  of  light. 

A  proper  “organ,”  however,  in  any  higher  sense,  is  made 
up  of  specialised  or  adapted  cells,  usually  along  with  secondary 
or  subordinate  tissues,  so  arranged  as  to  form  a  more  or  less 
complex  apparatus  suited  for  the  discharge  of  a  particular 
function.  Usually,  also,  a  larger  or  smaller  number  of  organs 
will  be  found  to  be  associated  together  to  form  an  “  organ- 
system,”  devoted  to  the  whole  of  some  great  series  of  func¬ 
tions,  each  individual  organ  doing  some  subordinate  piece  of 
work  in  the  general  series.  Certain  of  these  organ-systems— 
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namely,  those  devoted  to  nutrition  and  reproduction — are  pres¬ 
ent  in  both  the  higher  animals  and  the  higher  plants,  and  are 
spoken  of  as  the  systems  of  “organic”  or  “  vegetative  .  life. 
The  organ-systems  connected  with  the  higher  or  “animal 
life  are  those  of  locomotion  (the  skeletal  and  muscular  organs), 
and  of  sensation  (the  nervous  system  and  organs  of  sense). 

b.  Use  and  Disuse  of  Organs.—  Progressive  and  continuous 
use  of  an  organ  leads  constantly  to  an  increased  ability  on  the 
part  of  the  organ  to  discharge  its  functions,  and  commonly 
also  to  an  increase  in  its  actual  size.  A  good  example  ot  this 
general  law  is  to  be  found  in  the  increased  growth  of  a  muscle 
consequent  upon  its  frequent  use. 

On  the  other  hand,  disuse  of  an  organ  leads,  in  the  hrst 
place,  to  a  decreased  ability  on  the  part  of  the  organ  to  dis¬ 
charge  its  special  function.  This  is  well  seen  in  such  cases 
as  the  functional  inferiority  of  the  muscles  ot  the  left  arm  to 
those  of  the  right,  in  ordinary  right-handed  individuals.  If 
the  disuse  be  long-continued,  partial  atrophy  of  the  organ 
commonly  takes  place,  and  the  ability  to  perform  the  function 
may  entirely  disappear.  If  the  disuse  be  at  all  complete,  the 
organ  may  become  a  mere  “  rudiment,  or  “  vestige  ,  as  is 
seen,  for  example,  in  the  case  of  the  eyes  of  animals  living 
habitually  in  caves. 

c.  Laws  of  Symmetry. — The  higher  Metazoa  are  composed 
of  organ  -  systems,  which  are  usually  arranged  according  to 
some  law  of  symmetry.  In  many  forms  the  organ-systems  are 
placed  “radially”  round  a  central  point,  from  which  they 
diverge  in  a  star-like  manner.  This  “  radial  symmetry  is 
seen  most  conspicuously  in  such  types  as  the  Star-fishes  (fig.  S) 
and  Sea-urchins,  but  occurs  in  many  other  organisms  which 
were  at  one  time  grouped  together  under  the  name  of  “  Radiate 
Animals.” 

In  many  other  animals  the  organism  consists  of  a  succes¬ 
sion  of  longitudinally  placed  segments,  each  of  which  is  built 
upon  the  same  plan  as  the  others,  and  some  or  all  of  which 
may  contain  a  repetition  of  certain  organs.  These  segments 
(sometimes  called  “metameres”)  may  be  all  closely  similar 
to  one  another,  or  they  may  be  specialised  and  differentiated 
in  different  regions  of  the  body. 

Lastly,  when  corresponding  organs  are  placed  on  two  sides 
of  the  middle  line  of  the  body  (as  commonly  seen  in  the  ap¬ 
pendages  of  the  body),  the  symmetry  is  said  to  be  “  bilateral.  ’ 

d.  Morphological  Type.— As  has  been  seen,  the  first  point  in 
which  one  animal  may  differ  from  another  is  the  degree  to 
which  the  principle  of  the  physiological  division  of  labour  is 
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carried.  The  second  point  in  which  one  animal  may  differ 
from  another  is  in  its  “  morphological  type”;  that  is  to  say, 
in  the  fundamental  plan  upon  which  it  is  constructed.  By 


Fig.  8. — Astropecten  irregularis ,  viewed  from  the  upper  side,  showing  the 
“  radial  symmetry  ”  of  the  body. 


one  not  specially  acquainted  with  the  subject,  it  might  be 
readily  imagined  that  each  species  or  kind  of  animal  was 
constructed  upon  a  plan  peculiar  to  itself  and  not  shared  by 
any  other.  This,  however,  is  far  from  being  the  case ;  and 
it  is  now  universally  recognised  that  all  the  varied  species  of 
animals — however  great  the  apparent  amount  of  diversity 
amongst  them — may  be  arranged  under  a  very  small  number  ot 
primary  morphological  types  or  plans  of  structure.  Upon  one 
or  other  of  these  plans  every  known  animal,  whether  living  or 
extinct,  is  constructed.  It  follows  from  the  limited  number 
of  primitive  types  or  patterns,  that  great  numbers  of  animals 
must  agree  with  one  another  in  their  morphological  type.  It 
follows,  also,  that  all  so  agreeing  can  differ  from  one  another 
only  in  the  sole  remaining  element  of  the  question  namely, 
by  the  amount  of  specialisation  of  function  which  they  exhibit. 
Every  animal,  therefore,  as  Professor  Huxley  has  well  expressed 
it,  is  the  resultant  of  two  tendencies,  the  one  morphological, 
the  other  physiological. 

The  types  or  plans  of  structure,  upon  one  or  other  ot  which 
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all  known  animals  have  been  constructed,  are  technically 
called  “  sub-kingdoms  ”  ;  and  those  generally  recognised  at 
the  present  day  are  known  by  the  names  Protozoa,  Porifera, 
Ccelenterata,  Echinodermata,  Annulosa,  Mollusca,  and  A  erte- 
brata.  We  have,  then,  to  remember  that  every  member  of 
each  of  these  primary  divisions  of  the  animal  kingdom  agrees 
with  every  other  member  of  the  same  division  in  being  formed 
upon  a  certain  definite  plan  or  type  of  structure,  and  differs 
from  every  other  simply  in  the  grade  of  its  organisation,  or, 
in  other  words,  in  the  degree  to  which  it  exhibits  specialisation 
of  function. 

e.  Homology  of  Organs. — “  Homology”  is  defined  as  identity 
of  structure  in  parts  or  organs,  independently  of  function.  It 
does  not  matter  to  what  use  two  organs  may  be  put  by  the 
animals  possessing  them,  so  long  as  it  can  be  shown  that  they 
are  built  upon  the  same  fundamental  plan.  In  that  case  they 
are  said  to  be  “homologous”  organs  (fig.  9).  For  example, 


the  arm  of  a  man,  the  fore-leg  of  a  dog,  the  flipper  ot  a  whale, 
the  wing  of  a  bird,  and  the  pectoral  fin  of  a  fish,  are  constructed 
upon  tl°e  same  morphological  type,  and  are  therefore  homolo¬ 
gous  organs,  altogether  irrespective  of  the  fact  that  their  func¬ 
tions  are  for  the  most  part  different.  Homology  is  therefore 
really  a  proof  of  the  common  origin  of  two  organs,  however 
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much  they  have  been  subsequently  modified  in  accordance 
with  physiological  requirements.  It  follows  that  morpho¬ 
logical  or  homological  likenesses  are  the  only  ones  of  im¬ 
portance  in  determining  the  genealogy  and  systematic  position 
of  an  animal. 

The  forms  of  “  symmetry  ”  already  spoken  of  depend  in 
reality  upon  the  arrangement  of  homologous  organ-systems. 
I  bus,  “radial  symmetry”  is  dependent  upon  the  fact  that 
the  body  is  composed  of  homologous  parts  radiately  disposed. 
“  Serial  homology,”  again,  is  when  the  animal  is  composed  of 
a  succession  of  homologous  parts  arranged  in  a  longitudinal 
series.  This  is  exceedingly  well  seen  in  forms  like  the  Lobster, 
the  Centipede,  and  other  Annulose  animals,  in  which  the  body 
is  composed  of  a  series  of  homologous  segments,  carrying  on 
both  sides  appendages  which  are  likewise  homologous,  and 
which,  therefore,  exhibit  “bilateral  symmetry.”  The  appen¬ 
dages,  however,  though  actually  constructed  upon  the  same 
fundamental  plan,  may  be  much  modified  in  different  regions 
of  the  body,  some  being  adapted  for  locomotion,  some  for 
prehension,  some  for  mastication,  and  so  on.  While  “lateral 
homology  ”  indicates  the  morphological  identity  of  the  appen¬ 
dages  on  the  two  sides  of  the  body,  the  term  “  vertical  homo¬ 
logy  ”  is  sometimes  used  to  express  the  similar  structural 
identity  which  may  exist  between  the  anterior  and  posterior 
appendages  on  the  same  side  of  the  body.  A  good  example 
of  this  is  seen  in  the  homology  of  the  front  and  hind  limbs  of 
Vertebrate  animals. 

f.  Analogy  of  Organs. — On  the  other  hand,  whenever  we 
find  in  different  animals  organs  fulfilling  the  same  purpose  and 
doing  the  same  work,  then  we  have  to  deal  with  a  case  of 
analogy — the  organs  are  analogous,  and  the  one  is  said  to  be 
the  analogue  of  the  other.  In  other  words,  those  parts  or 
organs  are  analogous  which  resemble  one  another  physio¬ 
logically  and  discharge  the  same  functions,  wholly  irrespective 
of  what  their  fundamental  structure  may  be.  In  most  cases 
the  organs  which  would  ordinarily  be  called  “analogous  ”  are 
such  as  differ  from  one  another  in  structure,  at  the  same  time 
that  they  discharge  the  same  duties.  Thus  the  wings  of  a  bird 
and  the  wings  of  an  insect  are  analogous  organs,  since  they  are 
both  organs  of  flight,  and  serve  to  sustain  their  possessor  in 
the  air.  They  are,  however,  in  no  way  similar  to  one  another, 
except  when  regarded  from  this  physiological  point  of  view  ; 
and  they  differ  altogether  from  a  morphological  aspect,  being  in 
no  way  formed  on  the  same  fundamental  plan.  It  often  happens, 
however,  that  “analogous”  organs  have  the  deeper  relation 
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to  one  another  of  being  constructed  upon  the  same  morpho¬ 
logical  plan,  in  which  case  they  are  both  analogous  and  homo¬ 
logous.  Thus,  the  leg  of  man  and  the  hind-leg  of  a  dog  are 
both  analogous  and  homologous,  since  they  are  constructed 
upon  the  same  plan  and  discharge  similar  functions. 

<r  Homomorphism.—  Many  examples  occur,  both  among 
animals  and  among  plants,  in  which  families  widely  removed 
from  one  another  as  to  their  fundamental  structure,  neverthe¬ 
less  present  a  singular,  and  sometimes  extremely  close,  resem¬ 
blance  in  their  external  characters.  Thus  the  composite  Hy- 
droid  Zoophytes  and  the  Polyzoa  are  singularly  like  one  another 
—so  much  so,  that  they  have  often  been  classed  together ; 
whereas,  in  reality,  they  belong  to  different  sub-kingdoms. 
Many  other  cases  of  this  resemblance  of  different  animals 
might  be  adduced,  and  in  many  cases  these  “  representative 
forms  ”  appear  to  be  able  to  fill  each  other’s  places  in  the 
general  economy  of  nature.  This  is  so  far  true,  at  any  rate, 
that  “  homomorphous  ”  forms  are  generally  found  in  different 
parts  of  the  earth’s  surface.  Thus,  the  place  of  the  Lacti  ot 
South  America  is  taken  by  the  Euphorbiie  of  Africa  ;  or,  to 
take  a  zoological  illustration,  many  of  the  different  orders  ol 
Mammalia  are  represented  in  the  single  order  Marsupialia  m 
Australia,  in  which  country  this  order  has  almost  alone  to  dis¬ 
charge  the  functions  elsewhere  performed  by  several  oideis. 
Speaking  generally,  the  likeness  between  homomorphous  types 
may  be  considered  to  be  physiological  or  adaptive  in  its  nature, 
and  to  be  the  result  of  a  similar  environment  and  habit  ot  lite. 

h.  Protective  Resemblances.  —  A  large  number  ot  animals 
exhibit  peculiarities  of  colour  or  form,  by  which  they  are 
rendered  difficult  of  detection  when  living  in  their  natural 
haunts.  Such  peculiarities  are  spoken  ot  as  “protective  re¬ 
semblances,”  since  they  serve  to  protect  the  animal  from  its 
natural  foes,  or,  in  other  cases,  render  it  easier  for  the  animal 
to  steal  unobserved  upon  its  prey.  Good  examples  of  such 
protective  resemblances  are  found  in  the  white  covenng  ot 
many  Arctic  animals,  or  the  tawny  or  sandy  colours  which  are 
commonly  prevalent  among  animals  inhabiting  deserts.  In 
some  cases,  as  among  the  insects  known  as  Walking-leaves 
( Phyllium  fig.  io),  these  protective  resemblances  aie  carrier 

to  an  extraordinary  degree  of  perfection. 

:  Mimicry.  —  The  remarkable  phenomenon  known  as 
“  mimicry  ”  consists  in  the  close  resemblance  which  certain 
animals  assume  to  others,  not  necessarily  nearly  related  to 
them  by  which  they  derive  some  protection  from  their  natum 
enemies.  This  resemblance  is  often  so  close  that  it  looks  as 


LIKENESSES  AND  UNLIKENESSES  IN  ANIMALS.  3 1 

if  the  one  animal  had  copied  the  other,  though,  of  course, 
there  is  no  conscious  action  in  the  case.  A  good  example  of 
this  is  to  be  found  in  the  close  resemblance  which  the  “clear- 


Fig.  10.— Walking-Leaf  Insect  [Phy Ilium). 


winged  Moths  ”  exhibit  to  Hornets  and  Wasps,  and  by  which 
they  are  protected  against  the  attacks  of  birds.  Still  more 
striking  examples  are  found  among  Butterflies,  where  one 
species,  which  would  itself  be  naturally  liable  to  be  eaten  by 
birds,  puts  on  the  form  and  coloration  of  another  species, 
which  is  protected  against  the  attacks  of  birds  by  the  posses¬ 
sion  of  some  disagreeable  secretion.  In  other  cases,  the  object 
of  the  mimicry  is  not  strictly  protective,  but  the  mimetic  species 
avails  itself  of  its  likeness  to  the  species  which  it  mimics,  for 
the  purpose  of  stealing  into  the  nests  of  the  latter,  and  of 
depositing  its  eggs  therein. 

j.  Correlation  of  Organs. — What  is  understood  by  the 
term  “correlation  of  growth,”  or  “correlation  of  organs,”  is 
the  occurrence  of  some  organ  or  structure  in  association  with 
some  other  organ  or  structure,  with  which  it  is  not  connected 
by  any  obvious  or  discoverable  link.  Thus,  milk-glands  are 
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correlated  ”  with  the  possession  of  two  occipital  condyles  and 
of  a  simple  mandible ;  a  stomach  adapted  for  rumination  is 
correlated  with  the  possession  of  only  two  functional  toes  to 
the  foot,  and  the  absence  of  the  central  upper  incisors ;  an  in¬ 
flected  angle  of  the  lower  jaw  is  correlated  with  the  possession 
of  “  marsupial  bones  ”  or  “  marsupial  cartilages  a  covering  ot 
feathers  is  correlated  (in  living  forms)  with  saddle-shaped  faces 
to  the  bodies  of  the  cervical  vertebra;.  The  above  will  serve 
to  illustrate  the  general  nature  of  the  law  of  correlation  ot 
o-rowth  Stated  in  its  most  general  form,  this  law  asserts  that 
all  the  parts  of  the  organism  stand  in  some  relation  to  each 
other  the  form  and  characters  of  each  being  to  some  extent 
dependent  on,  and  connected  with,  the  form  and  characters  ot 
all  the  rest.  By  the  help  of  this  law  it  is  often  possible  to  infer 
from  one  organ  the  structure  of  the  remainder  of  the  organism. 
Thus  if  we  were  acquainted  with  no  other  part  of  some  animal 
than  its  skull  alone,  and  if  we  found  that  that  skull  possessed  two 
occipital  condyles,  and  that  each  half  of  the  lower  jaw  was  com¬ 
posed  of  a  single  piece,  we  should  be  justified  in  concluding 
that  the  animal  to  which  the  skull  belonged  possessed  mammary 
glands.  We  should  also  be  justified  in  inferring  many  other 
facts  about  it,  as,  for  example,  that  it  possessed  (or  might  have 
possessed)  a  hairy  covering  to  the  body,  that  its  blood  was  hot, 
and  that  it  possessed  non-nucleated  red  blood-corpuscles.  Simi¬ 
larly  if  we  met  with  a  mammalian  lower  jaw,  the  angle  of  which 
was  bent  inwards,  or  “  inflected,”  we  should  be  warranted  in  con¬ 
cludin'*  that  the  animal  to  which  it  belonged  possessed  mar¬ 
supial  bones  ”  or  cartilages  on  the  brim  ot  the  pelvis,  and  that 
the  young  were  born  in  a  very  imperfect  state  of  development. 

The  law  of  the  correlation  of  organs,  first  fully  established 
bv  Cuvier,  is  one  of  the  greatest  value  in  the  investigation  ot 
extinct  organisms,  where  it  is  never  possible  to  examine  more 
than  a  limited  portion  of  the  animal.  It  is  to  be  remembered, 
however,  that  the  law  is  a  purely  empirical  one,  and  expresses 
nothing  more  than  the  result  of  experience ;  so  that  structures 
which  °we  now  know  only  as  occurring  in  association  may 
ultimately  be  found  separate,  and  conjoined  with  structures  of 
a  different  character.  Moreover,  it  is  to  be  borne  in  mind  that 
fn  any  two  correlated  structures  it  is  not  that  each  is  correlated 
with  the  other,  but  that  one  ot  the  two  is  correlated  with  the 
0tiier  That  is  to  say,  of  any  two  correlated  organs,  A  and  b, 
it  mav  be  true  that  A  is  never  found  without  15,  but  it  does  not 
follow  that  15  may  not  occur  without  A.  Thus,  the  presence 
of  a  stomach  adapted  for  “  rumination  ”  is  invariably  associated 
with'  an  imperfect  development  of  the  incisors  of  the  upper 
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jaw,  the  central  upper  incisors  being  always  wanting ;  but  it  is 
not  the  case  that  an  incomplete  condition  of  the  upper  incisors, 
01  the  absence  of  the  central  ones,  is  necessarily  correlated 
\\  ith  the  habit  of  chewing  the  cud.  The  proper  way  of  putting 
the  case  is  to  asseit  that  certain  structures  (A)  are  never  found 
apart  from  other  structures  (B),  though  the  latter  may  be 
present  without  the  former.  When,  therefore,  we  find  a  lower 
jaw  having  its  angle  “inflected,”  we  may,  with  our  present 
knowledge,  assert  that  the  animal  to  which  that  jaw  belonged 
must  have  possessed  “marsupial  bones”  or  “marsupial  cartil¬ 
ages  upon  the  brim  of  the  pelvis.  If,  however,  we  were  to 
find  a  pelvis  with  marsupial  bones,  we  should  not  be  justified 
in  asserting  that  the  owner  of  the  same  must  have  possessed 
an  inflected  angle  to  the  lower  jaw.  On  the  contrary,  we 
know  that  such  an  assertion  would  be  erroneous,  since  the 
“  marsupial  bones  ”  are  present  in  the  Monotremes,  in  which 
the  angle  of  the  jaw  has  its  usual  form. 

9.  Classification. 

Classification  is  the  arrangement  of  a  number  of  diverse 
objects  into  larger  or  smaller  groups,  according  as  they  exhibit 
more  or  less  likeness  to  one  another.  The  excellence  of  any 
given  classification  will  depend  upon  the  nature  of  the  points 
which  are  taken  as  determining  the  resemblance.  Systems  of 
classification,  in  which  the  groups  are  founded  upon  mere  ex¬ 
ternal  and  superficial  points  of  similarity,  though  often  useful 
in  the  earlier  stages  of  science,  are  always  found  in  the  long- 
run  to  be  inaccurate.  It  is  needless,  in  fact,  to  point  out  that 
many  living  beings,  the  structure  of  which  is  fundamentally 
different,  may  nevertheless  present  such  an  amount  of  adap¬ 
tive  external  resemblance  to  one  another,  that  they  would  be 
grouped  together  in  any  “artificial”  classification.  Thus,  to 
take  a  single  example,  the  whale,  by  its  external  characters, 
would  certainly  be  grouped  amongst  the  fishes,  though  widely 
removed  from  them  in  all  the  essential  points  of  its  structure. 
“Natural”  systems  of  classification,  on  the  other  hand,  endea¬ 
vour  to  arrange  animals  into  divisions  founded  upon  a  due 
consideration  of  all  the  essential  and  fundamental  points  of 
structure,  wholly  irrespective  of  external  similarity  of  form  and 
habits.  Philosophical  classification  depends  upon  a  due  ap¬ 
preciation  of  what  constitute  the  true  points  of  difference  and 
likeness  amongst  animals ;  and  we  have  already  seen  that  these 
depend  essentially  upon  dissimilarity  or  similarity  of  morpho¬ 
logical  type.  Philosophical  classification,  therefore,  is  a  formal 
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expression  of  the  facts  and  laws  of  Morphology.  It  follow  s 
that  the  more  fully  the  programme  of  a  philosophical  and 
strictly  natural  classification  can  be  carried  out,  the  more 
completely  does  it  afford  a  condensed  exposition  of  the  funda¬ 
mental  construction  of  the  objects  classified.  I  hus,  if  the 
whale  were  placed  by  an  artificial  grouping  amongst  the  fishes, 
this  would  simply  express  the  facts  that  its  habits  are  aquatic 
and  its  body  fish-like.  When,  on  the  contrary,  we  obtain  a 
natural  classification,  and  we  learn  that  the  whale  is  placed 
amongst  the  Mammalia,  we  then  know  at  once  that  the  young 
whale  is  born  in  a  comparatively  helpless  condition,  and  that 
its  mother  is  provided  with  special  mammary  glands  loi  its 
support ;  this  expressing  a  fundamental  distinction  from  all 
fishes,  and  being  associated  with  other  equally  essential  cor¬ 
relations  of  structure. 

Sound  classification,  therefore,  depends  in  reality  upon  a 
correct  discrimination  between  likenesses  ol  homology  and 
likenesses  of  analogy.  Likenesses  of  analogy  that  is,  like¬ 
nesses  dependent  solely  upon  the  possession  ot  organs  dis¬ 
charging  the  same  physiological  function  are  to  be  disre¬ 
garded.  Thus,  the  Bird  and  the  Butterfly  are  not  to  be 
grouped  together  simply  because  both  possess  organs  ot  flight. 
On  the  other  hand,  likenesses  of  homology  that  is  to  say, 
likenesses  dependent  on  identity  of  structural  plan— are  a  sate 
guide  to  real  affinity,  enabling  us  to  trace  the  genuine  relation¬ 
ships  which  may  subsist  between  animals  outwardly  very  dis¬ 
similar,  and  affording  to  us  the  foundation  of  a  common  type 
capable  of  almost  endless  modification.  M  hflst  the  theory  ot 
philosophical  classification  is  thus  clear,  it  may  be  further  said 
that  great  difficulties  attend  the  carrying  out  of  the  admitted 
theory  into  actual  practice.  This  arises  chiefly  from  the  diffi¬ 
culty  which  is  met  with  when  we  come  to  disentangle  the 
homological  from  the  merely  analogical  likenesses  of  animals  ; 
and  it  is  in  overcoming  this  difficulty  that  a  great  portion  of 
the  labours  of  the  philosophical  zoologist  consists. 

The  entire  animal  kingdom  is  primarily  divided  into  some 
six  or  seven  great  plans  of  structure,  the  divisions  thus  formed 
being  called  “sub-kingdoms.”  The  sub-kingdoms  are,  in  turn, 
broken  up  into  classes,  classes  into  orders,  orders  into  families, 
families  into  genera,  and  genera  into  species  Me  shall  ex¬ 
amine  these  successively,  commencing  with  the  cons  derat  on 
of  a  species,  since  this  is  the  zoological  unit  of  which  the 

larger  divisions  are  made  up.  , 

Species _ A  “species”  of  animals  may  be  dehned  as  an 

assemblage  of  individuals  which  resemble  each  other  in  their 
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essentia/  characters ,  are  able,  directly  or  indirectly ,  to  produce 
fertile  individuals,  and  which  do  not  (as  far  as  human  observa¬ 
tion  goes)  give  rise  to  individuals  which  vary  from  the  general 
type  through  more  than  certain  definite  limits.  The  production 
of  occasional  monstrosities  does  not,  of  course,  invalidate  this 
definition. 

A  “species,”  therefore,  corresponds  with  what  we  should 
ordinarily  understand  as  a  “kind”  of  animals.  Thus,  all  the 
Hedgehogs  of  Britain  form  one  “species,”  all  the  Squirrels  of 
Britain  constitute  a  single  “species,”  and  so  on.  There  are 
points  connected  with  species,  as  to  which  naturalists  are  not 
yet  in  absolute  agreement.  All  definitions  of  the  term,  how¬ 
ever,  involve  two  leading  ideas — one  of  these  being  a  certain 
amount  of  resemblance  between  individuals,  and  the  other 
being  the  proof  that  the  individuals  so  resembling  each  other 
have  descended  from  a  single  pair,  or  from  pairs  exactly  simi¬ 
lar  to  one  another.  The  characters  in  which  individuals  must 
resemble  one  another  in  order  to  entitle  them  to  be  grouped 
in  a  separate  species,  according  to  Agassiz,  “are  only  those 
determining  size,  proportion,  colour,  habits,  and  relations  to 
surrounding  circumstances  and  external  objects.” 

On  a  closer  examination,  however,  it  will  be  found  that 
these  two  leading  ideas  in  the  definition  of  species — external 
resemblance  and  community  of  descent — are  both  defective, 
and  liable  to  break  down  if  rigidly  applied.  Thus,  there  are 
in  nature  no  assemblages  of  plants  or  animals  usually  grouped 
together  into  a  single  species,  the  individuals  of  which  exactly 
resemble  one  another  in  every  point.  Every  naturalist  is 
compelled  to  admit  that  the  individuals  which  compose  any 
so-called  species,  whether  of  plants  or  animals,  differ  from 
one  another  to  a  greater  or  less  extent,  and  in  respects  which 
may  be  regarded  as  more  or  less  important.  The  existence 
of  such  individual  differences  is  attested  by  the  universal 
employment  of  the  terms  “  varieties  ”  and  “  races.”  Thus  a 
“variety”  comprises  all  those  individuals  which  possess  some 
distinctive  peculiarity  in  common,  but  do  not  differ  in  other 
respects  from  another  set  of  individuals  sufficiently  to  entitle 
them  to  take  rank  as  a  separate  species.  A  “race,”  again,  is 
simply  a  permanent  or  “perpetuated”  variety.  The  question, 
however,  is  this — How  far  may  these  differences  amongst  in¬ 
dividuals  obtain  without  necessitating  their  being  placed  in  a 
separate  species?  In  other  words  :  How  great  is  the  amount 
of  individual  difference  which  is  to  be  considered  as  merely 
“  varietal f  and  at  what  exact  point  do  these  differences  become 
of  '■'■specific"  value?  To  this  question  no  answer  can  be  given, 
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since  it  depends  entirely  upon  the  weight  which  different 
naturalists  would  attach  to  any  given  individual  difference.1 
Distinctions  which  appear  to  one  observer  as  sufficiently  great 
to  entitle  the  individuals  possessing  them  to  be  grouped  as 
a  distinct  species,  by  another  are  looked  upon  as  simply  of 
varietal  value  ;  and,  in  the  nature  of  the  case,  it  seems  impos¬ 
sible  to  lay  down  any  definite  rules.  1  o  such  an  extent  do 
individual  differences  sometimes  exist  in  particular  genera— 
termed  “protean”  or  “polymorphic”  genera— that  the  deter¬ 
mination  of  the  different  species  and  varieties  becomes  an 
almost  hopeless  task. 

Besides  the  individual  differences  which  ordinarily  occur 
in  all  species,  other  cases  occur  in  which  a  species  consists 
normally  and  regularly  of  two  or  even  three  distinct  forms, 
which  cannot  be  said  to  be  mere  varieties,  since  no  inter¬ 
mediate  forms  can  be  discovered.  3^  hen  two  such  distinct 
forms  exist,  the  species  is  said  to  be  “  dimorphic,”  and  when 
three  are  present,  it  is  called  “  trimorphic.”  Thus,  in  dimorphic 
plants  a  single  species  is  composed  of  two  distinct  forms, 
similar  to  one  another  in  all  respects  except  in  their  repro¬ 
ductive  organs,  the  one  form  having  a  long  pistil  and  shoit 
stamens,  the  other  a  short  pistil  with  long  stamens.  In  tri¬ 
morphic  plants,  the  species  is  composed  of  three  such  distinct 
forms,  which  differ  in  like  manner  in  the  conformation  of  their 
reproductive  organs,  though  they  are  otherwise  undistinguish- 
able  (Darwin).  Similar  cases  are  known  in  animals,  but  in 
them  the  differences,  though  apparently  connected  with  repro¬ 
duction,  are  not  confined  to  the  reproductive  organs.  Thus 
the  females  of  certain  butterflies  normally  appear  under  two 
or  three  entirely  different  forms,  not  connected  by  any  inter¬ 
mediate  links;  and  the  same  thing  occurs  in  some  of  the 

["QStclCCcl 

As  regards,  therefore,  the  first  point  in  the  definition  of 
species— namely,  the  external  resemblance  of  assemblages  of 
individuals — we  are  forced  to  conclude  that  no  two  individuals 
are  exactly  alike ;  and  that  the  amount  and  kind  of  external 
resemblance  which  constitutes  a  species  is  not  a  precise  and 
invariable  quantity,  but  depends  upon  the  value  attached  to 
particular  characters  by  any  given  observer.  _ 

The  second  point  in  the  definition  of  species — namely,  com¬ 
munity  of  descent— is  hardly  in  a  more  satisfactory  condition, 

1  As  an  example  of  this,  it  is  sufficient  to  allude  to  the  fact  that  hardly 
any  two' botanists  agree  as  to  the  number  of  species  of  Willows  and  Bram¬ 
bles  in  the  British  Isles.  What  one  observer  classes  as  mere  varieties, 
another  regards  as  good  and  distinct  species. 
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since  the  descent  of  any  given  series  of  individuals  from  a 
single  pair,  01  fiorn  pairs  exactly  similar  to  one  another,  is  at 
best  but  a  probability,  and  is  in  no  case  capable  of  proof.  In 
the  case  of  the  higher  animals,  it  can  doubtless  be  shown  that 
certain  assemblages  of  individuals  possess  amongst  themselves 
the  power  of  fecundation  and  of  producing  fertile  progeny,  and 
that  this  power  does  not  usually  extend  to  the  fecundation 
ot  individuals  belonging  to  another  different  assemblage. 
Amongst  the  higher  animals,  “crosses”  or  “hybrids”  can 
only  be  produced  between  closely  allied  species,  and  when 
produced  they  are  in  general  sterile,  and  are  not  capable  of 
reproducing  their  like.  In  these  cases,  therefore,  we  may  take 
this  as  a  satisfactory  element  in  the  definition  of  “species. ” 
I  he  sterility,  however,  ot  hybrids  is  not  universal,  even 
amongst  the  higher  animals;  and  amongst  plants  no  doubt 
can  be  entertained  but  that  the  individuals  of  species  univer¬ 
sally  admitted  to  be  distinct  are  capable  of  mutual  fertilisation  ; 
the  hybrid  progeny  thus  produced  being  likewise  fertile,  and 
capable  of  reproducing  similar  individuals.  That  this  fertility 
is  olten  irregular,  and  may  be  destroyed  in  a  few  generations, 
admits  of  explanation,  and  hardly  alters  the  significance  of 
these  undoubted  facts. 

.  In  spite  of  the  above-mentioned  exceptions,  it  is  the  “  phy¬ 
siological  test  of  mutual  fertility  which  is  usually  adopted  by 
naturalists  in  distinguishing  between  “  varieties  ”  and  “  species,” 
when,  namely,  the  individuals  of  a  given  assemblage  of  ani¬ 
mals  or  plants  are  fertile,  and  are  capable  of  giving  rise  to  fer¬ 
tile  offspring,  they  are  usually  regarded  as  constituting  a  single 
1  species,’  however  widely  they  may  differ  among  themselves  in 
stiucture  or  appearance.  “Varieties,”  therefore,  are  supposed 
to  be  always  capable  of  interbreeding  with  the  type-form  of  the 
species.  On  the  other  hand,  if  two  groups  of  animals  or  plants, 
otherwise  closely  resembling  each  other,  are  found  to  be  in¬ 
capable  of  producing  fertile  offspring  by  intercrossing,  then 
they  are  regarded  as  constituting  two  distinct  species.  While 
the  mutual  fertility  of  the  individuals  composing  a  species  and 
a  variety  respectively  is  admitted,  there  are  grounds  for  believ¬ 
ing  that  the  individuals  composing  a  variety  do  not  habitually 
mate  with  those  composing  the  type-species.  It  is  only  upon 
some  such  supposition  as  this  that  we  can  account  for  the  per¬ 
manence  of  the  variety,  since  free  intercrossing  with  the  parent- 
species  would  inevitably  lead  to  the  ultimate  reabsorption  of 
the  former  in  the  latter.  Whether  this  reproductive  isolation 
of  the  individuals  composing  a  variety,  in  regard  to  those 
composing  the  parent-species,  is  the  result  of  physical  pecu- 
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liarities  in  the  reproductive  organs  in  the  former  (Romanes), 
or  is  due  to  modification  of  the  normal  sexual  instinct  (Galton), 

has  not  yet  been  determined.  . 

Genus  is  a  term  applied  to  groups  of  species  which  possess 
a  community  of  essential  details  of  structure  A  genus  may 
include  a  single  species  only,  in  cases  where  the  combination 
of  characters  which  make  up  the  species  are  so  pecu  lai 
no  other  species  exhibits  similar  structural  characters  ;  or,  on 
the  other  hand,  it  may  contain  an  indefinite  number  of  species. 

Families  are  groups  of  genera  which  agree  in  their  general 
characters.  According  to  Agassiz,  they  are  divisions  founded 
upon  peculiarities  of  “  form  as  determined  by  structure. 

Orders  are  groups  of  families  related  to  one  another  y 

structural  characters  common  to  all.  _ 

Classes  are  larger  divisions,  comprising  animals  which  are 
formed  upon  the  same  fundamental  plan  of  structure,  but  ditto 
in  the  method  in  which  the  plan  is  executed  (Agassiz). 

Sub-kingdoms  are  the  primary  divisions  of  the  animal  king 
dom,  which  include  all  those  animals  which  are  formed  upon 
the  same  structural  or  morphological  type,  irrespective  ot  the 
degree  to  which  specialisation  of  function  may  be  carried. 

TUnomiai  Nomenclature. -Since  the  time  of  Linnaeus  it  has  been 
the  practice  of  naturalists  to  designate  all  species  by  double  designations,  the 
of  the  title  indicating  the  genus  to  which  the  animal  belongs, 
whilst  the  second  is  the  proper  or  specific  titl^  Thu^he^Dog  is  known 
by  the  “binomial”  designation  of  Cams famihans.  .  e  , >  - 

r  ;  /  >  further  is  one  of  a  number  of  families,  such  as  the  Cats  (  t  <  <<h 

-Web  collc^vd^con. 

stitule  the  ‘ ‘  order  ”  of  the  Carnivora  or  Beasts  of  Prey  1  he  Car mvo>  , 
again  constitute  one  of  many  orders  of  quadrupeds,  which  are  d,^guis 

or  “  Vertebrate  animals”;  since  all  these  classes  agree  with  one  another  m 

certain  fundamenta^pohitStOf  st ructiire^.  ^ as  applied  to  the 

nC°n£Lga  large  amount  of  information  as  to  the  precise  zoological 
polion  and  affinhies  of  the  animal.  Its  title  namely,  ,f  expressed  ,n  full, 
would  indicate  its  systematic  place  to  be  as  follows  . 

Sub-kingdom,  Vertebrata. 

Class,  Mammalia. 

Order,  Carnivora. 

Family,  Camdcc. 

Genus,  Cams. 

Species,  Cams familiaris. 
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Impossibility  of  a  Linear  Classification. — It  has  sometimes 
been  thought  that  the  animal  kingdom  can  be  arranged  in  a 
linear  series,  every  member  of  the  series  being  higher  m  point 
of  organisation  than  the  one  below  it.  As  we  have  seen,  how¬ 
ever,  the  status  of  any  given  animal  depends  upon  two  condi¬ 
tions— one  its  morphological  type,  the  other  the  degree  to 
which  specialisation  of  function  is  carried.  Now,  if  we  take 
two  animals,  one  of  which  belongs  to  a  lower  morphological 
type  than  the  other,  no  degree  of  specialisation  of  function, 
however  great,  will  place  the  former  above  the  latter,  as  far  as 
its  type  of  structure  is  concerned,  though  it  may  make  the 
former  a  more  highly  organised  animal.  Every  Vertebrate 
animal,  for  example,  belongs  to  a  higher  morphological  type 
than  every  Mollusc ;  but  the  higher  Molluscs,  such  as  Cuttle¬ 
fishes,  are  much  more  highly  organised,  as  far  as  their  type  is 
concerned,  than  are  the  lowest  Vertebrata.  In  a  linear  classi¬ 
fication,  therefore,  the  Cuttle-fishes  should  be  placed  above  the 
lowest  fishes — such  as  the  Lancelet — in  spite  of  the  fact  that 
the  type  upon  which  the  latter  are  constructed  is  by  far  the 
higher  of  the  two. 

It  is  obvious,  therefore,  that  a  linear  classification  is  not 
possible;  since  the  higher  members  of  each  sub-kingdom  are 
more  highly  organised  than  the  lower  forms  of  the  next  sub¬ 
kingdom  in  the  series,  at  the  same  time  that  they  are  con¬ 
structed  upon  a  lower  morphological  type. 

It  is,  in  fact,  clear  that  a  pictorial  representation  of  the  dif¬ 
ferent  groups  of  the  animal  kingdom,  in  the  order  of  their 
natural  alliances,  would  not  exhibit  a  series  of  regularly 
ascending  steps,  but  would  have  the  form  of  a  branched  and 
ramified  genealogical  tree.  Such  a  tree  would  exhibit  one 
main  stem,  which  would  give  origin  to  numerous  lateral  stems. 

I  hese  latter  would,  in  turn,  subdivide,  some  branches  ascend¬ 
ing  in  the  course  of  their  development,  while  others,  as  the 
result  of  degeneration,  would  descend. 


io.  Origin  of  Species. 

It  is  impossible  here  to  do  more  than  merely  indicate  in  the 
briefest  manner  the  two  fundamental  ideas  which  are  at  the 
bottom  of  all  the  various  theories  as  to  the  origin  of  species  ; 
and  it  will  be  sufficient  to  give  an  outline  of  the  two  leading 
theories  which  have  been  held  upon  this  subject,  without  adduc¬ 
ing  any  of  the  reasoning  upon  which  they  are  based.  It  should 
be  added,  however,  that  almost  all  scientific  men  are  at  the 
present  day  agreed  that  species  have  been  produced  by  a  pro- 
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cess  of  evolution  or  development,  though  all  are  not  agreed 
as  to  the  manner  in  which  that  evolution  has  been  carried  out. 

I.  Doctrine  of  the  Fixity  of  Species. — On  this  view  of  the 
nature  of  species,  which  may  be  said  to  have  been  generally 
held  up  to  the  middle  of  the  present  century,1 *  it  is  held  that 
“  species  ”  are  essentially  fixed  and  immutable.  Although  the 
older  naturalists  recognised  the  variability  of  species,  they 
believed  variation  to  be  strictly  limited  and  definite.  Hence, 
though  a  species  might  oscillate  backwards  and  forwards  on 
both^sides  of  a  central  line,  it  would,  sooner  or  later,  return  to 
the  position  of  equilibrium  represented  by  the  type-form  of  the 
species.  Closely  connected  with  the  belief  in  the  fixity  of 
species  is  the  belief  in  their  “  special  creation.  It  species 
be  permanent  and  immutable,  then  each  must  have  come  into 
existence  at  a  particular  moment  of  time  and  at  a  particular 
place  in  space.  The  place  where  the  species  originated  can 
only  have  been  that  where  the  original  progenitor,  or  progen¬ 
itors,  of  the  species  appeared,  and  for  such  appearance  no  ex¬ 
planation  can  be  given  other  than  that  of  “special  creation’ — 
this  being,  obviously,  one  of  those  explanations  which  explains 
nothing.  Each  species,  finally,  was  supposed  to  have  slowly 
diffused  itself  by  migration  from  its  original  “  specific  centre,’ 
till  its  further  progress  was  stopped,  in  consequence  of  its  no 
longer  finding  conditions  suitable  for  the  life  of  the  species. 

IL  Doctrine  of  the  Mutability  of  Species. — At  the  present 
day,  it  may  be  said  that  naturalists  have  generally,  if  not  uni¬ 
versally,  abandoned  the  belief  in  the  fixity  of  species,  and  in 
the  doctrine  of  special  creation.  On  the  other  hand,  it  is  now 
generally  admitted  that  species  are  not  permanent  and  inimu- 
txible,  but  that  they  “undergo  modification,  and  that  the  exist¬ 
ing  forms  of  life  are  the  descendants  by  true  generation  ot 

pre-existing  forms”  (Darwin).  . 

One  of  the  first  writers  to  promulgate  definitely  the  theory 
of  the  mutability  of  species,  and  of  their  evolution  from  pre¬ 
existing  forms,  was  Dr  Erasmus  Darwin,-  the  grandfather  ol 
Charles  Darwin.  At  a  somewhat  later  period,  similar  views 
were  powerfully  advocated,  and  explicitly  set  forth,  by  the  great 
French  naturalist  Lamarck.3  According  to  Lamarck  s  views, 
“species”  are  not  absolutely  fixed  and  constant,  but  they  are 
only  stable  so  long  as  their  environment  remains  essentially 
unchanged.  He  held,  further,  that  the  existing  species  of 


1  In  the  year  1859,  Darwin  published  the  first  edition  of  the  Origin  ol 
Species  by  means  of  Natural  Selection. 

-  Zoonomia,  or  the  Laws  of  Organic  Life  (094  9  )• 

3  Philosophic  Zoologique  (1809). 
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animals  and  plants  had  been  produced  by  “  evolution  ”  from 
other  pre-existing  species — the  course  of  evolution  having  been, 
on  the  whole,  progressive.  With  regard  to  the  causes  which 
produce  the  slow  modification  of  an  existing  species,  and 
which,  therefore,  tend  to  give  rise  to  a  new  species,  Lamarck 
relied  largely  upon  the  action  of  external  conditions.  He 
regarded  the  organism  as  being  in  all  cases  more  or  less  plastic, 
so  that  though  it  might  exhibit  an  apparent  fixity  under  fixed 
conditions,  any  gradual  change  in  its  environment  would  pro¬ 
duce  a  corresponding  alteration  in  the  structure  of  the  organ¬ 
ism.  Relying  upon  the  facts  established  by  geology  as  to  the 
constantly  changing  conditions  of  all  portions  of  the  earth’s 
surface,  Lamarck  concluded  that  all  species  of  animals  and 
plants  must  necessarily  exhibit  a  corresponding  mutability  of 
form  and  structure.  With  regard  to  the  method  in  which 
changes  in  the  surrounding  conditions  might  produce  corre¬ 
sponding  changes  in  the  organisation  of  living  beings,  he  relied 
principally  upon  the  known  effects  of  use  and  disuse  upon 
organs.  Upon  the  whole,  therefore,  he  concluded  that  the 
existing  fauna  and  flora  of  the  world  had  been  produced  by 
the  slow  modification  of  pre-existing  animals  and  plants 
consequent  upon  slow  and  progressive  changes  in  terrestrial 
conditions. 

The  theory  of  the  origin  of  “  species  ”  from  pre-existing 
forms  of  life  was  first  established  upon  a  sound  basis  by 
Charles  Darwin,  who  published  in  1859  his  great  work  on 
this  subject.1  I11  this  work  Darwin  gave,  for  the  first  time, 
a  scientifically  satisfactory  explanation  as  to  the  method  in 
which  the  principle  of  evolution,  previously  brought  forward 
by  Erasmus  Darwin,  Lamarck,  and  others,  might  operate  in 
the  production  of  “  species.”  This  explanation  is  embodied 
in  the  “  Theory  of  Natural  Selection,”  which  is  based  upon 
the  following  fundamental  propositions  : — 

1.  The  progeny  of  all  species  of  animals  and  plants  exhibit 
variations  amongst  themselves  in  all  parts  of  their  organisation, 
no  two  individuals  being  exactly  and  in  all  respects  alike.  In 
other  words,  in  every  species  the  individuals,  whilst  inheriting 
a  general  likeness  to  their  progenitors,  tend  by  variation  to 
diverge  from  the  parent-type  in  some  particular  or  other. 

2.  Variations  arising  in  any  part  of  the  organism,  however 
minute,  may  be  transmitted  to  future  generations,  under  certain 

1  In  the  same  year  (1859),  Mr  Alfred  Russell  Wallace  published  views 
as  to  the  origin  of  species  in  many  respects  identical  with  those  of  Darwin, 
in  an  independently  worked-out  memoir,  entitled  “On  the  Tendency  of 
Varieties  to  depart  indefinitely  from  the  Original  Type”  (Journ.  Linn.  Soc.) 
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definite  and  discoverable  laws  of  inheritance,  becoming,  as  a 
rule,  intensified  in  course  of  transmission. 

3.  By  “  artificial  selection,”  or  by  breeding  from  individuals 
possessing  any  particular  variation,  man,  in  successive  genera¬ 
tions,  can  produce  a  breed  in  which  the  variation  will  be  per¬ 
manent,  the  divergence  from  the  parent-type  being  usually 
intensified  by  the  process  of  interbreeding.  The  races  thus 
artificially  produced  by  men  are  often  as  widely  different  as  are 
distinct  species  of  wild  animals. 

4.  The  world  in  which  all  living  beings  are  placed  is  one 
not  absolutely  unchanging,  but  is  liable,  on  the  contrary,  to 
subject  them  to  very  varying  conditions. 

5.  All  animals  and  plants  give  rise  to  more  numerous  young 
than  can  by  any  possibility  be  preserved,  each  species  tending 
to  increase  in  numbers  in  a  geometrical  progression. 

6.  As  these  young  are  none  of  them  exactly  alike  in  all 
respects,  a  process  of  “  natural  selection  ”  will  ensue,  whereby 
those  individuals  which  possess  any  variation,  however  slight, 
favourable  to  the  peculiarities  of  the  life  of  the  species,  will 
tend  to  be  preserved.  Those  individuals,  on  the  other  hand, 
which  do  not  possess  any  such  favourable  variation,  will  be 
placed  at  a  disadvantage  in  the  “struggle  for  existence,”  and 
will  tend  to  be  gradually  exterminated.  The  individuals,  there¬ 
fore,  composing  any  species  are  thus  subjected  to  a  rigid  pro¬ 
cess  of  sifting,  by  which  those  least  adapted  to  their  environ¬ 
ment  are  being  perpetually  weeded  out,  whilst  “  the  survival 
of  the  fittest  ”  is  secured. 

7.  Other  conditions  remaining  the  same,  the  individuals 
which  survive  in  the  struggle  for  existence  will  transmit  the 
variations  to  which  they  owe  their  preservation  to  future 
generations,  and  these  variations  will  tend  to  become  gradually 
more  and  more  pronounced. 

8.  By  a  repetition  of  this  process,  “  varieties  ”  are  first 
established;  these  become  permanent,  and  “races”  are  pro¬ 
duced  ;  finally,  in  the  lapse  of  time,  the  differences  thus  caused 
become  sufficiently  marked  to  constitute  distinct  “species.” 

9.  Granted  a  sufficient  length  of  time  since  life  first  appeared 
upon  the  earth,  it  is  conceivable  that  all  the  different  animals 
and  plants  which  we  see  at  present  upon  the  globe,  may  have 
been  produced  by  the  action  of  natural  selection  upon  the  oft- 
spnng  of  a  few  primordial  forms,  01,  it  may  be,  ot  a  single 
primitive  being. 

Originally,  Mr  Darwin  appears  to  have  believed  that  “natural  selec¬ 
tion”  would’  alone  be  found  sufficient  to  account  for  the  origin  of  all 
existing  species  by  a  process  of  evolution  from  pre-existing  forms.  In 
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view,  however,  of  certain  objections  which  had  been  brought  forward,  Mr 
Darwin  seems  to  have  abandoned  this  position,  and  brought  forward  a 
cause  supplementary  to  “natural  selection  ”  in  what  he  termed  “sexual 
selection.”  The  action  of  sexual  selection  in  a  supposed  process  of  evolu¬ 
tion,  according  to  Mr  Darwin’s  views,  may  be  stated  in  the  following  two 
propositions  : — - 

a.  The  males  of  many  species  of  animals  are  known  to  engage  in  very 
severe  contests  for  the  possession  of  the  females,  these  latter  yielding 
themselves  to  the  victor.  In  such  contests  certain  males  will  inevitably 
have  certain  advantages  over  the  others,  either  in  point  of  strength  or 
activity,  or  in  consequence  of  the  possession  of  more  efficient  offensive 
weapons.  There  will  therefore  always  be  a  probability  that  certain  males 
will  get  possession  of  the  females  in  preference  to  others  :  and  thus  there 
will  be  a  tendency  in  the  individuals  of  many  species  of  animals  to  secure  a 
preponderance  of  offspring  from  the  strongest  males.  The  peculiarities 
which  enable  certain  males  to  succeed  in  these  contests  will,  cceteris  pari- 
lnis,  be  transmitted  to  their  male  offspring,  and  in  this  way  variations  may 
be  perpetuated,  initiated,  or  intensified. 

b.  In  the  preceding  cases,  the  females  are  believed  to  be  perfectly  pas¬ 
sive,  and  the  selection  is  a  “  natural  ”  one,  the  final  result  depending  solely 
upon  the  natural  advantages  which  certain  males  possess  over  others  in 
actual  combat.  It  is  alleged,  however,  that  there  are  other  cases  in  which 
the  selection  is  truly  “  sexual,  ”  since  its  result  is  determined  by  spontan¬ 
eous  preference,  and  not  by  brute  force  alone.  It  is  asserted,  namely,  that 
among  certain  species  of  animals,  the  females  exercise  a  free  choice  as  to 
the  particular  male  with  which  they  will  pair  ;  the  males  being  passive 
agents  in  the  matter,  except  in  so  far  as  each  uses,  or  may  use,  his  utmost 
exertions  to  secure  that  the  choice  of  the  female  may  fall  upon  him.  The 
circumstances  supposed  to  influence,  and  ultimately  determine,  the  choice 
of  the  female,  are  of  course,  in  the  main,  the  personal  attractions  of  some 
particular  male,  the  female  being  captivated  by  some  “beauty  of  form, 
colour,  odour,  or  voice,”  which  such  a  male  may  possess. 

If  it  be  admitted  that  the  females  of  some  of  the  lower  animals  have  the 
power  of  expressing  and  exercising  a  preference  in  the  manner  above  in¬ 
dicated,  then  it  is  easy  to  understand  how  variations  might  be  transmitted 
or  intensified  in  this  way.  The  male  who  is  most  attractive  to  the  female 
will,  other  things  being  equal,  have  the  best  chance  of  propagating  his 
species,  and  is  likely  to  leave  the  largest  number  of  descendants.  His  male 
offspring  will  inherit  the  peculiarities  by  which  their  sire  was  rendered 
pre-eminently  attractive  in  the  eyes  of  their  mother,  and  thus  a  well-marked 
breed  might  be  produced,  by  the  preservation  or  intensification  of  char¬ 
acters  of  this  nature.  Mr  Darwin  is  disposed  to  believe  that  colour  and 
song  in  most,  if  not  in  all  animals,  are  thus  to  be  ascribed  to  the  action  of 
sexual  selection,  through  numerous  successive  generations. 

Of  the  many  objectiotis  which  have  been  urged  against  the 
theory  of  the  origin  of  species  by  means  of  natural  selection, 
the  following  are  the  most  important : — 

I.  On  the  theory  of  natural  selection,  the  organs  possessed  by  an  animal 
have  been  slowly  evolved,  and  have  not  been  produced  suddenly,  in  com¬ 
plete  perfection.  Most,  if  not  all,  organs,  therefore,  must  have  been  use¬ 
less  to  their  possessor  in  their  early  or  incipient  stage.  Natural  selection, 
however,  has  no  power  to  preserve  or  intensify  any  structures  except  such 
as  are  directly  useful  to  the  individual  in  the  struggle  for  existence. 
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2.  Again,  when  a  useful  variation  has  appeared  among  the  individuals 
of  a  species,  there  would  be  little  probability  of  its  being  preserved,  unless 
it  should  appear,  “  similarly  and  simultaneously,”  in  a  considerable  num¬ 
ber  of  individuals.  If  it  appeared  in  a  few  individuals  only,  it  would 
almost  certainly  be  rapidly  “  lost  by  subsequent  intercrossing  with  ordin¬ 
ary  individuals.”  There  is,  however,  no  evidence  to  show  that  variations 
occur,  as  a  rule  at  any  rate,  in  more  than  a  few  individuals  01  a  species  in 
the  first  place. 

To  meet  this  difficulty,  Dr  Romanes  has  recently  brought  forward  a 
theory  to  which  he  has  applied  the  name  of  “  the  theory  of  physiological 
selection,”  and  which  may  be  stated  here  in  the  briefest  possible  form.  It 
is,  of  course,  an  undoubted  fact  that  a  variation  which  has  appeared  in  even 
a  few  individuals  may  be  preserved  and  handed  down,  provided  the  in¬ 
dividuals  which  possess  it  are  prevented  from  interbreeding  with  the  parent 
form.  This  is  effected,  for  example,  when  by  the  intervention  of  man,  or 
in  any  other  way,  the  varying  individuals  are  kept  apart  from  those  com¬ 
posing  the  original  species,  so  that  they  can  interbreed  with  each  olhei 
only,  thus  tending  to  perpetuate  and  intensify  their  distinctive  peculiaiities. 
It  seems,  also,  to  be  a  fact  that,  though  the  individuals  of  a  variety  aie  cap¬ 
able  of  interbreeding  with  the  parent  form,  they  do  not  do  so  as  leadily  as 
they  do  with  each  other.  In  nature,  according  to  the  theory  heie  in  ques¬ 
tion,  the  varying  individuals  are  supposed  to  be  prevented  from  interbreed¬ 
ing  with  the  parent  stock  in  consequence  of  some  slight  change  in  then 
reproductive  system,  which  renders  them  more  or  less  sterile  with  the 
original  species,  though  perfectly  fertile  among  themselves.  The  result  of 
this  is,  obviously,  the  same  as  if  the  varying  individuals  had  been  cut  off 
from  the  normal  individuals  artificially,  or  by  some  geographical  barrier. 
Being,  namely,  fertile  with  one  another,  and  only  partially  so  with  the 
parent  form,  they  naturally  tend  to  hand  down  to  their  offspring  their  dis¬ 
tinctive  variations,  and  these  tend  in  the  course  of  transmission  to  become 
intensified.  Upon  the  same  hypothesis,  it  is  also  possible  to  meet  the 
first-mentioned  objection  to  the  theory  of  natural  selection,  and  to  explain 
how  useless  variations  may  be  preserved  and  handed  down. 

-  'i'he  only  other  objection  to  the  theory  of  natural  selection  which 
need  be  mentioned  here,  is  that  we  have  no  sufficient  evidence  of  the 
former  existence  of  the  numerous  and  closely  graduated  transitional  forms 
between  different  species,  which  must,  on  this  theory,  have  existed.  It 
is  an  essential  part  of  the  theory  in  question  that  the  production  of  any  given 
species  from  any  pre-existing  species  can  only  have  been  eftected  through 
the  intervention  of  a  long  series  of  intermediate  or  transitional  forms.  It 
is  true  that  many  extinct  animals  are  known  which  are  clearly  transitional 
between  existing  groups  now  more  or  less  widely  separated  from  one  an¬ 
other.  So  far,  however,  it  cannot  be  denied  that  palaeontology  has  failed 
to  bring  forward  the  numerous  and  closely  graduated  series  of  intermediate 
forms  which  must  have  at  one  time  existed,  supposing  that  the  different 
snecies  of  animals  and  plants  had  been  evolved  by  natural  selection  from 
pre-existing  species.  The  absence  of  a  sufficient  number  of  such  transi¬ 
tional  forms,  and  the  insufficient  connection  between  such  as  are  known  to 
exist  may  doubtless,  be  in  part  explained  by  the  known  imperfection  of 
the  geological  record”;  but  this  does  not. appear  to  offer  an  adequate 
solution  of  the  difficulty. 

In  spite  of  the  above-mentioned  objections,  it  may  be  taken 
as  certain  that  “natural  selection”  is,  at  any  rate,  one  ot  tire 

1  Journal  of  the  Linnean  Society,  vol.  xix.,  1SS6. 
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agents  concerned  in  the  production  of  species,  and  that  it  is 
an  important  agent.  There  is,  further,  abundant  evidence  in 
favour  of  the  general  doctrine  that  species  are  mutable,  and 
that  they  have  been  produced  by  some  general  law  of  evolution 
from  pre-existing  species,  quite  apart  from  the  question  as  to 
the  mode  in  which  evolution  has  been  brought  about.  Thus, 
all  the  varied  types  which  form  each  of  the  great  “sub- 
kingdoms”  are  built  upon  a  common  morphological  plan. 
This  underlying  unity  of  structure  is,  however,  quite  inex¬ 
plicable  unless  we  suppose  it  to  depend  upon  blood-relation- 
ship,  and  to  be  due  to  the  fact  that  the  members  of  each  sub¬ 
kingdom  have  descended  from  a  common  ancestor.  Again, 
transitional  forms,  which  connect  one  sub-kingdom  with  an¬ 
other,  are  not  unknown,  thus  pointing  to  the  possibility  that 
even  the  different  sub-kingdoms  may  have  originated  in  a  single 
primordial  form  of  life.  It  is,  further,  only  upon  the  theory  of 
descent  from  a  common  ancestor  that  we  can  explain  the  well- 
known  fact  that  the  adult  animal  often  exhibits  in  its  embryonic 
state  structures  which  it  loses  when  fully  grown,  but  which  are 
present  throughout  life  in  the  adults  of  animals  lower  in  the 
scale.  Thus,  the  so-called  “  visceral  clefts  ”  of  the  Mammalian 
embryo  are  unquestionably  homologous  with  the  gill-slits  of 
the  adult  Fish;  and  this  can  only  be  explained  upon  the  sup¬ 
position  that  both  Mammals  and  Fishes  have  descended  from 
a  common  ancestor,  in  which  these  structures  existed.  The 
presence  of  “  rudimentary  organs  ”  or  “  vestiges  ”  in  so  many 
adult  animals  can  likewise  only  be  sufficiently  explained  upon 
the  supposition  we  have  to  deal  in  these  with  the  relics  of 
organs  which  existed  in  a  fully-developed  condition  in  an 
original  ancestral  type.  Lastly,  the  fact  that  so  many  existent 
and  now  widely  separated  groups  of  animals  can  be  shown  to 
be  connected  together  by  transitional  extinct  forms,  hardly 
admits  of  reasonable  explanation  save  on  some  theory  of  the 
general  evolution  of  existing  types  from  pre-existent  species. 

I  his  consideration  is  not  affected  by  the  previously  stated  fact 
that  the  transitional  forms  in  question  are  not  sufficiently 
numerous,  nor  linked  together  with  sufficient  closeness,  to  lead 
us  to  think  that  “  natural  selection  ”  has  been  the  sole  agent 
of  evolution. 

ii.  Reproduction. 

Reproduction  is  the  process  whereby  new  individuals  are 
generated  and  the  perpetuation  of  the  species  ensured.  The 
process  may  be  considered  as  being,  in  many  respects,  a  modifi¬ 
cation  of  growth.  It  has  been  previously  seen  that  a  single  cell, 
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or  independent  mass  of  protoplasm,  has  the  power  of  pro¬ 
ducing  fresh  cells,  or  masses  similar  to  itself,  by  throwing  out 
buds  (“  gemmation  ”),  or  by  dividing  itself  (“  fission  ).  If  such 
a  cell  or  mass  of  protoplasm  constitutes  the  entire  organism, 
then  this  production  of  new  cells  is  its  process  of  reproduction. 
If  on  the  contrary,  such  a  cell  is  merely  a  single  constituent 
of  a  multicellular  organism  or  cell-aggregate,  then  the  process 
is  one  of  growth.  What  is  ordinarily  called  “  reproduction 
differs,  therefore,  from  ordinary  growth  principally  in  the  fact 
that  its  products  are  separated  from  the  producing  body  it  is 
discontinuous  growth.  What  is  termed  “  non-sexual  reproduc¬ 
tion  ”  is  in  fact,  really  only  a  form  of  continuous  cell-multi¬ 
plication,  and  it  results  in  the  production  of  “  composite  or 
“colonial”  organisms,  such  as  the  higher  plants  and  many  of 

the  lower  forms  of  animal  life.  .  .  ,  , 

In  what  is  called  “sexual  reproduction,  on  the  other  hand, 
the  production  of  new  beings  is  the  result  of  the  union  or 
fusion  of  two  masses  of  protoplasm,  which  may  be  derived 
from  the  same,  or  from  different  individuals.  As  the  result 
of  this  fusion,  the  protoplasm,  stimulated  in  some  way  by  the 
process  to  which  it  has  been  subjected,  undergoes  division, 
and  thus  gives  rise  to  one  or  more  new  beings.  In  one  form 
of  this  process,  which  cannot  strictly  be  spoken  ot  as  sexual, 
the  two  uniting  masses  of  protoplasm  are  themselv  es  entire 
organisms.  This  occurs,  for  example,  in  the  so-called  •  con- 
iugation”  of  certain  of  the  Infusorian  Animalcules,  when 
t\vo  cells — each  constituting  an  entire  animal  become  com¬ 
pletely  fused  with  one  another,  the  resulting  mass  of  proto¬ 
plasm  subsequently  breaking  up  into  a  number  of  masses,  each 
of  which  becomes  a  new  Infusorian.  More  usually,  the  two 
uniting  masses  of  protoplasm  are  merely  special  cells,  detached 


from  the  parent  organism. 

The  more  important  phenomena  connected  with  reproduc¬ 
tion  may  be  very  briefly  glanced  at  here,  under  the  two  fol¬ 
lowing  heads : —  .  .  ,  .  .  .  •  . 

I  Sexual  Reproduction. — In  its  typical  form  this  consists 

essentially  in  the  production  of  two  distinct  elements,  a  germ¬ 
cell  or  ovum,  and  a  sperm-cell  or  spermatozoid,  by  the  contact 
of  which  the  ovum — now  said  to  be  “fecundated  is  enabled 
to  develop  itself  into  a  new  individual.  As  a  ru  e,  the  germ¬ 
cell  is  produced  by  one  individual  (female)  and  the  speimatic 
element  by  another  (male) ;  in  which  case  the  sexes  are  said 
to  be  distinct,  and  the  species  is  said  to  be  dioecious, 
other  cases  the  same  individual  has  the  power  of  producing 
both  the  essential  elements  of  reproduction  ;  in  which  case  the 
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sexes  are  said  to  be  united,  and  the  individual  is  said  to  be 
“hermaphrodite,”  “androgynous,”  or  “monoecious.”  In  the 
case  of  hermaphrodite  animals,  however,  self-fecundation— 
contrary  to  what  might  have  been  expected — rarely  constitutes 
the  reproductive  process;  and,  as  a  rule,  the  reciprocal  union 
of  two  such  individuals  is  necessary  for  the  production  of 
young.  Even  amongst  hermaphrodite  plants,  where  self- 
fecundation  may,  and  certainly  does,  occur,  provisions  seem 
to  exist  by  which  perpetual  self-fertilisation  is  prevented,  and 
the  influence  of  another  individual  secured  at  intervals. 
Amongst  the  higher  animals  sexual  reproduction  is  the  only 
process  whereby  new  individuals  can  be  generated. 

II.  Non-sexual  Reproduction. — Amongst  the  lower  animals 
fresh  beings  may  be  produced  without  the  contact  of  an  ovum 
and  a  spermatozoid ;  that  is  to  say,  without  any  true  generative 
act.  The  processes  by  which  this  is  effected  vary  in  different 
animals,  and  are  all  spoken  of  as  forms  of  “  asexual  ”  or 
“  agamic  ”  reproduction  (“  agamogenesis  ”).  As  we  shall  see, 
however,  the  true  “  individual  ”  is  very  rarely  produced  other¬ 
wise  than  sexually,  and  most  forms  of  agamic  reproduction  are 
really  modifications  of  growth. 

a.  Gemmation  and  Fission. — Gemmation,  or  budding,  con¬ 
sists  in  the  production  of  a  bud,  or  buds,  generally  from  the 
exterior,  but  sometimes  from  the  interior,  of  the  body  of  an 
animal,  which  buds  are  developed  into  independent  beings, 
which  may  or  may  not  remain  permanently  attached  to  the 
parent  organism.  Fission  differs  from  gemmation  solely  in 
the  fact  that  the  new  structures  in  the  former  case  are  pro¬ 
duced  by  a  division  of  the  body  of  the  original  organism  into 
separate  parts,  which  may  remain  in  connection,  or  may  under¬ 
go  detachment. 

1  he  simplest  form  of  gemmation,  perhaps,  is  seen  in  the 
power  possessed  by  certain  animals  of  reproducing  parts  of 
their  bodies  which  they  may  have  lost.  Thus,  the  Crustacea 
possess  the  power  of  reproducing  a  lost  limb,  by  means  of  a 
bud  which  is  gradually  developed  till  it  assumes  the  form  and 
takes  the  place  of  tire  missing  member.  In  these  cases,  how¬ 
ever,  the  process  is  not  in  any  way  generative,  and  the  pro¬ 
duct  of  gemmation  can  in  no  sense  be  spoken  of  as  a  distinct 
being  (or  zooid). 

An  excellent  example,  however,  of  true  gemmation  is  ex¬ 
hibited  in  such  an  organism  as  the  common  Sea-mat  (Flustra), 
which  is  a  composite  organism  composed  of  a  multitude  of 
similar  beings,  each  of  which  inhabits  a  little  chamber  or  cell ; 
the  whole  forming  a  structure  not  unlike  a  sea-weed  in  appear- 
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ance.  This  colony  is  produced  by  gemmation  from  a  single 
primitive  being  (“  polypide  ”),  which  throws  out  buds,  each  of 
which  repeats  the  process,  apparently  almost  indefinitely.  All 
the  buds  remain  in  contact  and  connected  with  one  another, 
but  each  is,  nevertheless,  a  distinct  and  independent  being, 
capable  of  performing  all  the  functions  ot  life.  In  this  case, 
therefore,  each  one  of  the  innumerable  buds  becomes  an  inde¬ 
pendent  being,  similar  to,  though  not  detached  from,  the  organ¬ 
ism  which  gave  it  birth.  This  is  an  instance  of  what  is  callei 
“  continuous  gemmation.” 

In  other  cases — as  in  the  common  Fresh-water  I  olype  or 
Hydra— the  buds  which  are  thrown  out  by  the  primitive  or¬ 
ganism  become  developed  into  creatures  exactly  resembling 
the  parent,  but,  instead  of  remaining  permanently  attached, 
and  thus  giving  rise  to  a  compound  organism,  they  are  de¬ 
tached  to  lead  an  entirely  independent  existence.  This  is  a 
simple  instance  of  what  is  termed  “discontinuous  gemmation. 

The  method  and  results  of  fission  may  be  regarded  as  essen¬ 
tially  the  same  as  in  the  case  of  gemmation.  The  products 
of  the  division  of  the  body  of  the  primitive  organism  may 
either  remain  undetached,  when  they  will  give  rise  to  a  compo¬ 
site  structure  (as  in  many  corals),  or  they  may  be  thrown  otf  and 
live  an  independent  existence  (as  in  some  of  the  Hydrozoa). 

We  are  now  in  a  position  to  understand  what  is  meant, 
strictly  speaking,  by  the  term  “  individual.”  In  zoological 
language,  an  individual  is  defined  as  “equal  to  the  total  result  of 
the’ development  of  a  single  ovum.'”  Amongst  the  higher  animals 
there  is  no  difficulty  about  this,  for  each  ovum  gives  rise  to  no 
more  than  one  single  being,  which  is  incapable  of  repeating  it¬ 
self  in  any  other  way  than  by  the  production  of  another  ovum  ; 
so  that  an  individual  is  a  single  animal.  It  is  most  important, 
however,  to  comprehend  that  this  is  not  necessarily  or  always 
the  case.  In  such  an  organism  as  the  Sea-mat,  the  ovum  gives 
rise  to  a  primitive  polypide,  which  repeats  itself  by  a  process 
of  continuous  gemmation  until  an  entire  colony  is  produced, 
each  member  of  which  is  independent  of  its  fellows,  and  is 
canable  of  producing  ova.  In  such  a  case,  therefore,  the  term 
“individual  ”  must  be  applied  to  the  entire  colony,  since  this 
is  the  result  of  the  development  of  a  single  ovum.  he  sepa¬ 
rate  beings  which  compose  the  colony  are  technically  called 
zooids  In  like  manner  the  Hydra,  which  produces  tiesh  and 
indenendent  Hydra  by  discontinuous  gemmation,  is  not  an 
‘^individual,”  but  a  zooid  Here  the  zooids  ate  not  penna- 
nentlv  united  to  one  another,  and  the  individual  Hjdra 
consists  really  of  the  primitive  Hydra,  plus  all  the  detached 
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Hydros  to  which  it  gave  rise.  In  this  case,  therefore,  the  “  in¬ 
dividual  ”  is  composed  of  a  number  of  disconnected  and  wholly 
independent  beings,  all  of  which  are  the  result  of  the  develop¬ 
ment  of  a  single  ovum.  It  is  to  be  remembered  that  both  the 
parent  zooid  and  the  “  produced  zooids  ”  are  capable  of  giving 
rise  to  fresh  Hydros  by  a  true  generative  process.  It  must 
also  be  borne  in  mind  that  this  production  of  fresh  zooids  by  a 
process  of  gemmation  is  not  so  essentially  different  from  the  true 
sexual  process  of  reproduction  as  might  at  first  sight  appear, 
since  the  ovum  itself  may  be  regarded  merely  as  a  highly 
specialised  bud.  In  the  Hydra,  in  fact,  where  the  ovum  is  pro¬ 
duced  as  an  external  process  of  the  wall  of  the  body,  this  like¬ 
ness  is  extremely  striking.  The  ovarian  bud,  however,  differs 
from  the  true  gemmae  or  buds  in  its  inability  to  develop  itself 
into  an  independent  organism,  unless  previously  brought  into 
contact  with  another  special  generative  element.  The  only 
exceptions  to  this  statement  are  in  the  rare  cases  of  true  “par¬ 
thenogenesis,”  to  be  subsequently  alluded  to. 

b.  Alternation  of  Generations. — In  the  case  of  the  Hydra  and 
the  Sea-mat,  which  we  have  considered  above,  fresh  zooids  are 
produced  by  a  primordial  organism  by  gemmation  ;  the  beings 
thus  produced  (as  well  as  the  parent)  being  capable  not 
only  of  repeating  the  gennniparous  process,  but  also  of  pro¬ 
ducing  new  individuals  by  a  true  generative  act.  We  have 
now  to  consider  a  much  more  complex  series  of  phenomena,, 
in  which  the  organism  which  is  developed  from  the  primitive 
ovum  produces  by  gemmation  two  sets  of  zooids,  one  of  which 
is  destitute  of  sexual  organs,  and  is  capable  of  performing  no- 
other  function  than  that  of  nutrition,  whilst  the  other  is  pro¬ 
vided  with  reproductive  organs,  and  is  destined  for  the  per- 
petuation  of  the  species.  In  the  former  case  the  produced 
zooids  all  resembled  each  other,  and  the  parent  organism  which 
gave  rise  to  them ;  in  the  latter  case,  the  produced  zooids  are 
often  very  unlike  each  other  and  unlike  the  parent,  since 
their  functions  are  entirely  different. 

I  he  simplest  form  of  the  process  is  seen  in  certain  of  the 
Hydroid  Polypes,  such  as  Hydractinia.  The  embryo  of  Hydrac- 
tinia  is  a  free  -  swimming  ciliated  body,  which,  after  a  short 
locomotive  existence,  attaches  itself  to  some  submarine  object, 
develops  a  mouth  and  tentacles,  and  commences  to  produce 
zooids  like  itself  by  a  process  of  continuous  gemmation.  These 
remain  permanently  attached  to  one  another,  with  the  result 
that  a  compound  organism  is  produced,  consisting  of  a  num¬ 
ber  of  zooids,  or  “  polypites,”  organically  connected  together, 
but  enjoying  an  independent  existence.  None  of  the  zooids, 
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however,  are  provided  with  sexual  organs ;  and  though  there 
is  theoretically  no  limit  to  the  size  which  the  colony  may  reach 
by  gemmation,  its  buds  are  not  detached,  and  the  species  would 


Fie  II.— Part  of  the  colony  of  Perigommus  vestttus,  one  of  the  Hydroid  Zoophj  tes, 
g  ereatly  magnified.  After  Allman.  The  nutritive  zooids  fpolypites)  carry  a  circle  ot 
tentacles;  the  reproductive  zooids  (gonophores)  are  bell-shaped,  and  when  fully 
mature  are  detached  from  the  parent-colony. 


therefore  die  out,  unless  some  special  provision  were  made  for 
its  preservation.  Besides  these  nutritive  zooids,  however,  other 
buds  are  produced  which  differ  considerably  in  appearance 
from  the  former,  and  which  have  the  power  of  generating  the 
essential  elements  of  reproduction.  These  generative  zooids 
derive  their  nourishment  from  the  materials  collected  by  the 
nutritive  zodids,  but  only  live  until  the  ova  are  matured  in  then- 
interior  and  liberated,  when  they  disappear  1  he  ova  thus 
produced  become  free-swimming  ciliated  bodies,  such  as  the 

one  with  which  the  cycle  began. 

In  this  case,  therefore,  the  “individual”  consists  of  a  series 
of  nutritive  zodids,  collectively  called  the  “  trophosome,  and 
another  series  of  reproductive  zooids,  collectively  called  the 
“  conosome,”  the  entire  series  remaining  in  organic  connection. 

°In  other  Hydroid  Zoophytes  allied  to  the  preceding  (such 
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as  Perigonimus ),  the  process  advances  a  step  further.  In  Peri- 
gonimus  (fig.  11),  the  generative  buds  or  zooids  do  not  produce 
the  reproductive  elements  as  long  as  they  remain  attached  to  the 
parent  colony ;  but  they  require  a  preliminary  period  of  inde¬ 
pendent  existence.  For  this  purpose  they  are  specially  organ¬ 
ised,  and  when  sufficiently  mature  they  are  detached  from  the 
stationary  colony.  1  he  generative  zooid  now  appears  as  an 
entirely  independent  being,  described  as  a  species  of  Jelly-fish 
(or  Medusa).  It  consists  of  a  bell-shaped  disc,  by  means  of 
which  it  is  enabled  to  swim  freely ;  from  the  centre  of  this  disc 
depends  a  nutritive  process,  with  a  mouth  and  digestive  cavity, 
whereby  the  organism  is  able  to  increase  considerably  in  size. 

I  he  substance  of  the  disc  is  penetrated  by  a  complex  system 
of  canals,  and  from  its  margin  hangs  a  series  of  tentacular  pro¬ 
cesses.  After  a  period  of  independent  locomotive  existence, 
the  Medusa  attains  its  full  growth,  when  it  develops  ova  and 
spermatozoa.  By  the  contact  of  these,  embryos  are  produced ; 
but  these,  instead  of  resembling  the  jelly-fish  by  which  they 
were  immediately  generated,  proceed  to  develop  themselves 
into  the  fixed  Hydroid  colony  by  which  the  Medusa  was  orig¬ 
inally  produced. 

Still  more  extraordinary  phenomena  have  been  discovered 
in  other  Hydrozoa,  as  in  many  of  the  Acraspeda.  In  these 
the  ovum  gives  rise  to  a  locomotive  ciliated  body,  which  ulti¬ 
mately  fixes  itself,  becomes  trumpet-shaped,  and  develops  a 
mouth  and  tentacles  at  its  expanded  extremity,  when  it  is 
known  as  the  “  Hydra-tuba,”  from  its  resemblance  to  the  Fresh¬ 
water  Polype,  or  Hydra.  The  Hydra-tuba  has  the  power  of 
multiplying  itself  by  gemmation,  and  it  can  produce  large  col¬ 
onies  in  this  way ;  but  it  does  not  obtain  the  power  of  gener¬ 
ating  the  essential  elements  of  reproduction.  Under  certain 
circumstances,  however,  the  Hydra-tuba  enlarges,  and,  after  a 
series  of  preliminary  changes,  divides  by  transverse  fission  into 
a  number  of  segments,  each  of  which  becomes  detached  and 
swims  away.  These  liberated  segments  of  the  little  Hydra-tuba 
(it  is  about  half  an  inch  in  height)  now  live  as  entirely  inde¬ 
pendent  beings,  which  were  described  by  naturalists  as  distinct 
animals,  and  were  called  Ephyrse.  They  are  provided  with  a 
swimming-bell,  or  “  umbrella,”  by  means  of  which  they  propel 
themselves  through  the  water,  and  with  a  mouth  and  digestive 
cavity.  They  now  lead  an  active  life,  feeding  eagerly,  and 
attaining  in  some  instances  a  perfectly  astonishing  size  (the 
jelly-fishes  of  some  species  are  several  feet  in  circumference). 
After  a  while  they  develop  the  essential  elements  of  reproduc¬ 
tion,  and  after  the  fecundation  and  liberation  of  their  ova  they 


52 


MANUAL  OF  ZOOLOGY. 


die.  The  ova,  however,  are  not  developed  into  the  free-swim¬ 
ming  and  comparatively  gigantic  jelly-fish  by  which  they  were 
immediately  produced,  but  into  the  minute,  fixed,  sexless  Hydra- 
tuba. 

We  thus  see  that  a  small  sexless  zooid,  which  is  capable  of 
multiplying  itself  by  gemmation,  produces  by  fission  several 
independent  locomotive  beings,  which  are  capable  of  nourish¬ 
ing  themselves  and  of  performing  all  the  functions  of  life.  In 
these  are  produced  generative  elements,  which  give  rise  by 
their  development  to  the  little  fixed  creature  with  which  the 
series  began. 

To  the  group  of  phenomena  of  which  the  above  are  examples, 
the  name  “  alternation  of  generations  ”  was  applied  by  Steen- 
strup ;  but  the  name  is  not  an  appropriate  one,  since  the  pro¬ 
cess  is  truly  an  alternation  of  generation  with  gemmation  or 
fission.  The  only  generative  act  takes  place  in  the  reproduc¬ 
tive  zooid,  and  the  production  of  this  from  the  nutritive  zooid 
is  a  process  of  gemmation  or  fission,  and  not  a  process  ot  gen¬ 
eration.  The  “  individual,”  in  fact,  in  all  these  cases  must  be 
looked  upon  as  a  double  being  composed  of  two  factors,  both 
of  which  lead  more  or  less  completely  independent  lives, ,  the 
one  being  devoted  to  nutrition,  the  other  to  reproduction.  The 
generative  being,  however,  is  in  many  cases  not  at  first  able  to 
mature  the  sexual  elements,  and  is  therefore  provided  with  the 
means  necessary  for  its  growth  and  nourishment  as  an  inde¬ 
pendent  organism.  It  must  also  be  remembered  that  the 
nutritive  half  of  the  “individual”  is  usually,  and  the  generati\e 
half  sometimes,  compound — that  is  to  say,  composed  ot  a  num¬ 
ber  of  zooids  produced  by  continuous  gemmation  ;  so  that  the 
zoological  individual  in  these  cases  becomes  an  extremely  com¬ 
plex  being.  .  , 

C'  Parthenogenesis. — “  Parthenogenesis’  is  the  term  emplojed 
to  designate  certain  singular  phenomena,  resulting  in  the  pro¬ 
duction  of  new  individuals  by  virgin  females  without  the  inter¬ 
vention  of  a  male.  By  Professor  Owen,  who  first  employed  the 
term,  parthenogenesis  was  applied  also  to  the  processes  ot  gem¬ 
mation  and  fission,  as  exhibited  in  sexless  beings  01  in  virgin 
females  ;  but  it  is  best  to  consider  these  phenomena  sepa¬ 
rately  'strictly  the  term  parthenogenesis  ought  to  be  confined 
to  the  production  of  new  individuals  from  virgin  females  by 
means  of  ova ,  which  are  enabled  to  develop  themselves  with¬ 
out  the  contact  of  the  male  element.  The  difficulty  in  this 
definition  is  found  in  framing  an  exact  definition  of  an  ovum, 
such  as  will  distinguish  it  from  an  internal  gemma  or  bud.  No 
body,  however,  should  be  called  an  “  ovum  ”  which  does  not 
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exhibit  a  germinal  vesicle  and  germinal  spot,  and  which  does 
not  exhibit  the  phenomenon  known  as  segmentation  of  the 
yelk.  Moreover,  ova  are  almost  invariably  produced  by  a 
special  organ,  or  ovary. 

As  examples  of  parthenogenesis,  we  may  take  the  cases  of 
the  Plant-lice  (Aphides),  the  Honey-bee,  and  certain  Crustacea; 
though  in  the  case  of  the  first  of  these  it  is  possible  that  the 
phenomena  observed  may  admit  of  explanation  otherwise  than 
as  an  instance  of  parthenogenesis  strictly  so  called. 

The  Aphides,  or  plant-lice,  which  are  so  commonly  found 
parasitic  upon  plants,  are  seen  towards  the  close  of  autumn  to 
consist  of  male  and  female  individuals.  The  ova  produced 
by  the  females  are  now  fertilised,  and  remain  dormant  through 
the  winter.  At  the  approach  of  spring  these  ova  are  hatched ; 
but  instead  of  giving  rise  to  a  number  of  males  and  females’ 
all  the  young  are  of  one  kind,  now  usually  regarded  as  pecu¬ 
liarly  modified  females.  Whatever  their  true  nature  may  be, 
these  individuals  produce,  viviparously,  a  brood  of  young 
which  resemble  themselves  ;  and  this  second  generation,  in 
like  manner,  produces  a  third, — and  so  the  process  may  be 
repeated,  foi  as  many  as  ten  or  more  generations,  throughout 
the  summer.  When  the  autumn  comes  on,  however,  the  vivi¬ 
parous  Aphides  produce — in  exactly  the  same  manner — a  final 
brood,  but  this,  instead  of  being  composed  entirely  of  similar 
individuals,  is  made  up  of  males  and  females.  Sexual  union 
now  takes  place,  and  ova  are  produced  and  fecundated  in  the 
ordinary  manner. 

1  he  viviparous  Aphides  are  either  wingless  or  winged  ;  and 
the  number  of  young  produced  is  so  great,  that  it  has  ’been 
calculated  that  a  single  Aphis  might  in  this  way  be,  during 
the  summer  months,  and  by  the  time  the  tenth  generation  was 
reached,  the  progenitor  of  no  less  than  one  quintillion  of  indi¬ 
viduals.  Each  viviparous  Aphis  possesses  an  ovary,  which 
only  differs  from  that  of  the  fertile  females  in  being  without 
certain  secondary  adjuncts  (the  colleterial  glands  and  sperma- 
theca).  This  “  pseudovarium  ”  produces  egg-like  bodies  or 
pseudova,  which  are  directly  developed  into  young  Aphides, 
and  which  differ  from  true  ova  in  the  fact  that  they  are  incap¬ 
able  of  fertilisation. 

In  the  second  case  of  alleged  parthenogenesis  which  we  are 
about  to  examine — namely,  in  the  honey-bee — the  phenomena 
which  have  been  described  appear  to  be  quite  free  from  doubt. 
A  hive  of  bees  consists  of  three  classes  of  individuals :  r,  a 
“  queen,”  or  fertile  female;  2,  the  “  workers,”  which  form  the 
bulk  of  the  community,  and  are  really  undeveloped  or  sterile 
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females ;  and,  3,  the  “  drones,”  or  males,  which  are  only  pro¬ 
duced  at  certain  times  of  the  year.  We  have  here  three  dis¬ 
tinct  sets  of  beings,  all  of  which  proceed  from  a  single  fertile 
individual ;  and  the  question  arises,  In  what  manner  are  the 
differences  between  these  produced?  At  a  certain  period  of 
the  year  the  queen  leaves  the  hive,  accompanied  by  the  drones 
(or  males),  and  takes  what  is  known  as  her  “nuptial  flight” 
through  the  air.  In  this  flight  she  is  impregnated  by  the 
males  ;  and  in  virtue  of  this  single  impregnation,  she  is  enabled 
to  produce  fresh  individuals  for  a  lengthened  period,  the  semen 
of  the  males  being  stored  up  in  a  receptacle  which  communi¬ 
cates  by  a  tube  with  the  oviduct,  from  which  it  can  be  shut  off 
at  will.  The  ova  which  are  to  produce  workers  (undeveloped 
females)  and  queens  (fertile  females)  are  fertilised  on  their  pas¬ 
sage  through  the  oviduct,  the  semen  being  allowed  to  escape 
into  the  oviduct  for  this  purpose.  The  subsequent  develop¬ 
ment  of  these  fecundated  ova  into  workers  or  queens  depends 
entirely  upon  the  form  of  the  cell  into  which  the  ovum  is 
placed,  and  upon  the  nature  of  the  food  which  is  supplied  to 
the  larva.  On  the  other  hand,  the  ova  which  are  intended  to 
become  males  or  drones  are  not  allowed  by  the  queen  to  come 
in  contact  with  the  spermatozoa  in  their  passage  through  the 
oviduct.  The  drones,  therefore,  are  produced  from  ova  which 
have  not  been  impregnated.  The  parthenogenetic  origin  of 
the  drones  is  further  proved  by  the  fact,  that  if  the  queen  be 
prevented  from  being  impregnated  by  the  males,  she  is  only 
capable  of  producing  drones.  The  workers,  also,  being  unde¬ 
veloped  females,  and  quite  incapable  of  being  impregnated, 
are  nevertheless  known  to  occasionally  produce  eggs ;  and 
when  this  is  the  case,  the  eggs  develop  into  drones.  Lastly,  in 
crosses  between  the  common  honey-bee  and  the  Ligurian  bee, 
the  queens  and  workers  alone  exhibit  any  intermediate  charac¬ 
ters  between  the  two  forms,  the  drones  presenting  the  unmixed 
characters  of  the  queen  by  whom  they  were  produced. 

Among  the  Crustaceans,  parthenogenesis  has  been  estab¬ 
lished  as  occurring  in  some  of  the  Water-fleas  ( Cladocera )  and 
in  various  Phyllopods  i^Apus,  Lnutuichci ,  At  temici,  See.).  In 
these  latter  it  is  the  female  which  is  produced  parthenogenetic- 
ally;  whereas  in  the  honey-bee  and  in  Polistes  it  is  the  male. 


12.  Development. 

Development  is  the  general  name  applied  to  all  those  changes 
which  an  egg  or  germ  undergoes  before  it  assumes  the  char¬ 
acters  of  the  perfect  adult  individual.  In  some  cases  these 
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changes  are  more  or  less  completely  concealed  from  view;  in 
other  cases  they  are  largely  external  and  visible.  In  some  cases 
they  are  rapidly  effected,  and  are  but  slight  in  amount;  in 
other  cases  they  may  be  more  or  less  prolonged,  and  may  more 
or  less  extensively  alter  the  general  form  and  mode  of  life  of 
the  animal.  In  these  last-mentioned  cases,  the  animal  is  usu¬ 
ally  said  to  pass  through  a  “  metamorphosis.” 

In  the  Protozoa,  in  which  the  organism  does  not  rise  above 
the  condition  of  a  simple  cell,  the  phenomena  of  development 
are  usually  comparatively  uncomplicated.  In  the  Metazoa,  in 
which  the  organism  starts  as  a  single  cell,  but  ultimately  be¬ 
comes  an  aggregate  of  cells,  the  process  of  development  is  often 
one  of  extreme  complexity.  Speaking  broadly,  the  course  of 
development  is,  as  "\  on  Baer  put  it,  from  the  general  to  the 
special.  In  other  words,  the  changes  undergone  by  any  ani¬ 
mal  in  passing  from  the  embryonic  to  the  mature  condition 
are,  in  the  main,  changes  in  the  direction  of  increased  special¬ 
isation  of  functions  and  a  correspondingly  increased  complexity 
of  organic  structure.  All  the  members  of  any  given  sub-king¬ 
dom,  when  examined  in  their  earliest  embryonic  condition,  are 
found  to  exhibit  an  essential  identity  as  regards  their  funda¬ 
mental  structure.  As  development  proceeds,  however,  they 
diverge  from  one  another  with  greater  or  less  rapidity,  until 
the  adults  become  more  or  less  widely  unlike  each  other,  the 
unlikeness  being  due  to  the  different  degrees  of  specialisation 
of  functions  necessary  to  perfect  the  adult. 

It  is  upon  a  misconception  of  the  true  import  of  this  law 
that  the  theory  arose,  that  every  animal  in  its  development 
passed  through  a  series  of  stages  in  which  it  resembles,  in  turn, 
the  different  inferior  members  of  the  animal  scale.  With  re¬ 
gard  to  man,  standing  at  the  top  of  the  whole  animal  kingdom, 
this  theory  has  been  expressed  as  follows  :  “  Human  organo¬ 
genesis  is  a  transitory  comparative  anatomy,  as,  in  its  turn, 
comparative  anatomy  is  a  fixed  and  permanent  state  of  the 
organogenesis  of  man  ”  (Serres).  In  other  words,  the  embryo 
of  a  Vertebrate  animal  was  believed  to  pass  through  a  series 
of  changes  corresponding  respectively  to  the  permanent  types 
of  the  lower  sub-kingdoms — namely,  the  Protozoa,  Coelenterata, 
Echinodermata,  Annulosa,  and  Mollusca — before  finally  assum¬ 
ing  the  true  vertebrate  characters.  Such,  however,  is  not  truly 
the  case.  The  ovum  of  every  animal  is  from  the  first  im¬ 
pressed  with  the  power  of  developing  in  one  direction  only, 
and  very  early  exhibits  the  fundamental  characters  proper  to 
its  sub-kingdom,  never  presenting  the  structural  peculiarities 
belonging  to  any  other  morphological  type.  Nevertheless,  the 
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differences  which  subsist  between  the  members  of  each  sub¬ 
kingdom  in  their  adult  condition  are  truly  referable  to  the  de¬ 
gree  to  which  development  proceeds,  the  place  of  each  indi¬ 
vidual  in  his  own  sub-kingdom  being  regulated  by  the  stage  at 
which  development  is  arrested.  Thus,  many  cases  are  known 
in  which  the  younger  stages  of  a  given  animal  represent  the 
permanent  adult  condition  of  an  animal  somewhat  lower  in  the 
scale.  To  give  a  single  example,  the  young  Frog  transiently 
presents  all  the  essential  characters  which  permanently  dis¬ 
tinguish  an  adult  perennibranchiate  Amphibian,  such  as  the 
Axolotl. 

Not  only  is  the  embryo  in  many  cases  extremely  unlike  the 
adult  animal,  but  there  are  many  cases  in  which  the  former 
has  a  habitat  and  mode  of  life  entirely  different  to  those  suit¬ 
able  to  the  latter.  The  adult,  for  example,  may  be  a  terrestrial, 
air-breathing  animal,  while  the  early  stages  of  development  may 
be  passed  in  water.  In  such  cases,  it  commonly  happens  that 
the  embryo  possesses  “provisional”  organs,  which  adapt  it 
for  its  temporary  mode  ot  life,  but  which  would  be  of  no  use 
to  the  adult.  Such  embryonic  organs  are  in  general  either 
absorbed  or  modified  in  the  course  of  development ;  the  adult 
either  showing  no  traces  of  their  former  existence,  or  exhibiting 
“vestiges”  of  them  in  the  form  of  “rudimentary  organs.” 

Ordinarily  speaking,  the  course  of  development  is  an  ascend¬ 
ing  one,  and  the  adult  is  more  highly  organised  than  the  young 
animal ;  but  there  are  cases  of  a  reversal  of  this  law,  the  mature 
organism  being,  as  compared  with  the  embryo,  a  degraded 
form — except  that  it  possesses  the  reproductive  organs  which 
are  wanting  in  the  latter.  There  are  many  cases,  namely,  in 
which  the  embryo  is  freely  locomotive,  and  is  provided  with 
organs  of  sense,  while  the  adult  may  be  permanently  fixed,  and 
may  entirely  lose  its  sense-organs.  This  phenomenon  ot  '•’■retro¬ 
gressive  development  ”  is  seen  in  its  extreme  form  in  many  “  para¬ 
sites  ” ;  that  is  to  say,  in  animals  which  live  at  the  expense  of 
some  other  organism.  In  other  cases,  however,  the  retrogres¬ 
sion  may  not  be  the  result  of  parasitism,  but  may  be  simply 
due  to  the  sedentary  habit  of  life  of  the  adult. 

Viewing  development  as  a  whole,  the  process  may  be  re¬ 
garded  as  a  repetition  in  the  individual  of  the  ancestral  his¬ 
tory  of  the  animal— that  is,  of  the  history  of  the  changes  which 
the  species  has  passed  through  before  assuming  its  present 
characters.  Certain  stages  in  this  history  are,  however,  often 
either  dropped  out  altogether  in  the  development  ot  the 
individual,  or  much  abbreviated.  This  view  of  the  significance 
of  the  process  of  development  has  been  thus  expressed  by 
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Professor  Haeckel.  “  Ontogenesis  ”  (or  the  development  of 
the  individual)  “  is  the  brief  and  rapid  recapitulation  of  phylo¬ 
genesis  ”  (or  the  development  of  the  species)  “governed  by 
tiie  physiological  functions  of  transmission  (reproduction)  and 
nutrition  (adaptation).  The  organic  individual,  during  the 
rapid  and  brief  course  of  its  individual  development,  repeats 
the  most  important  of  those  changes  of  form  which  its  ancestors 
have  passed  through  during  the  long  and  gradual  course  of 
their  palaeontological  development,  in  accordance  with  the  laws 
of  transmission  and  adaptation.” 

13.  Distribution  in  Space. 

The  geographical  distribution  of  animals  is  concerned  with 
the  determination  of  the  areas  within  which  every  species  of 
animal  is  at  the  present  day  confined.  Some  species  are  found 
almost  everywhere,  when  they  are  said  to  be  “  cosmopolitan  ” ; 
but,  as  a  rule,  each  species  is  confined  to  a  limited  and  definite 
area.  Not  only  are  species  limited  in  their  distribution,  but 
it  is  possible  to  divide  the  globe  into  a  certain  number  of  geo¬ 
graphical  regions  or  “  zoological  provinces,”  each  of  which  is 
characterised  by  the  occurrence  in  it  of  certain  associated 
forms  of  animal  life. 

1  he  geographical  distribution  of  land  animals  is  conditioned 
partly  by  the  existence  of  suitable  surroundings,  and  partly  by 
the  presence  of  barriers  preventing  migrations.  Thus,  certain 
contiguous  regions  might  be  equally  suitable  for  the  existence 
of  the  same  animals,  but  they  might  belong  to  different  zoolo¬ 
gical  provinces,  if  separated  by  any  impassable  barrier,  such  as 
a  lofty  chain  of  mountains.  Owing  to  their  power  of  flight, 
the  geographical  distribution  of  birds  is  much  less  limited  than 
that  of  mammals ;  and  many  migratory  birds  have  an  extremely 
wide  range.  In  spite  of  their  powers  of  locomotion,  however, 
birds  are  limited  by  the  necessities  of  their  life  to  definite  areas, 
and  a  zoological  province  is  marked  by  its  birds  just  as  well 
as  by  its  quadrupeds. 

Each  species  of  animals  may  be  considered  as  having  a 
“centre  of  distribution,”  where  it  attains  its  maximum  develop¬ 
ment  as  regards  the  number  of  its  individuals.  From  this 
centre  the  species  ranges  over  a  larger  or  smaller  area,  its 
numbers  becoming  less  and  less  as  we  approach  the  borders 
ot  the  area.  The  size  of  the  area  which  the  species  will  ulti¬ 
mately  occupy — varying  from  a  couple  of  square  miles  to 
hundreds  of  thousands  of  square  miles — depends  upon  the 
presence  of  conditions  suitable  to  the  life  of  the  species.  The 
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three  most  important  conditions  are  connected  with  the  presence 
of  a  suitable  food-supply,  the  existence  of  a  suitable  mean 
temperature,  and  the  absence  of  an  overwhelmingly  powerful 
competing  species.  According  as  these  or  other  necessary 
conditions  may  change,  the  area  occupied  by  the  species  is 
liable  to  change  from  time  to  time,  becoming  contracted  at 
one  time,  and  then  at  another  time  being  widely  extended. 
The  slowly  produced  secular  changes  in  the  climate  and 
physical  geography  of  different  regions,  which  geology  shows 
us  to  have  been  constantly  going  on  since  the  earth  was  first 
tenanted  by  living  beings,  are,  of  course,  the  principal  agents 
in  determining  the  geographical  distribution  of  animals  at  any 
given  period.  The  extension  of  a  species  from  one  point  to 
another  is  effected  by  migration.  In  many  cases,  the  migra¬ 
tion  is  effected  by  the  adult,  which  is  endowed  with  the  power 
of  locomotion.  In  the  case  of  sedentary  animals,  however, 
migration  is  carried  out  through  the  locomotive  young. 

At  the  present  day,  naturalists  usually  adopt  the  arrange¬ 
ment  of  the  dry  land  into  zoological  provinces,  which  was 
originally  proposed  by  Mr  Sclater.  In  this  arrangement  the 
earth’s  surface  is  divided  into  the  following  six  provinces,  each 
of  which  is  characterised  partly  by  the  presence  of  a  particular 
“  fauna,”  or  characteristic  assemblage  of  animals,  and  partly 
by  the  absence  of  certain  other  characteristic  animals : — 

I.  The  Palcearctic  Province ,  including  Europe,  Africa  north 
of  the  Atlas  Mountains,  and  Northern  Asia.  Among  the  more 
characteristic  animals  of  this  province  are  Bears,  Sheep,  Goats, 
Catarhine  Monkeys,  and  Pheasants. 

II.  The  Et/iiopian  Province ,  including  Africa  south  of  the 
Atlas  Mountains,  and  Southern  Arabia.  Among  the  more 
characteristic  animals  are  the  African  Elephant,  the  Hippopo¬ 
tamus,  Giraffe,  Hyrax,  Aardvark,  numerous  Antelopes,  Baboons, 
the  Lion,  and  the  Ostrich.  There  is  a  characteristic  absence 
of  Bears,  Deer,  Goats,  and  Sheep. 

III.  The  Oriental  or  Indian  Province ,  including  Asia  south 
of  the  Himalaya  Mountains,  Burmah,  Siam,  Southern  China, 
and  the  Indian  Archipelago  (Java,  Sumatra,  Borneo,  Nc.). 
Characteristic  animals  are  the  Chevrotains,  Indian  Buffalo, 
Indian  Elephant,  Tiger,  Hornbills,  Pea-fowl,  and  Jungle-fowl. 

IV.  The  Australian  Province ,  including  Australia,  Tasmania, 
New  Guinea,  New  Zealand,  and  most  of  the  islands  of  the 
Pacific  Ocean.  Characteristic  animals  are  the  Duck-mole  and 
Spiny  Ant-eater  (Echidna),  numerous  Marsupials,  Birds  of 
Paradise,  Cockatoos,  and  the  Australian  Mud-fish  ( Ceratodus ). 
There  is  a  remarkable  absence  of  most  orders  of  the  1  lacental 
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Mammals,  of  Vultures,  Woodpeckers,  and  Tailed  Amphibians. 
New  Zealand  is  peculiar  in  not  having  any  Marsupials  nor 
Monotremes;  in  having  no  Reptiles  except  Lizards;  and  in 
the  possession  of  the  curious  Apteryx  and  the  extinct  Dinornis. 

V.  The  Near ctic  Province ,  including  North  America  down 
to  the  centre  of  Mexico.  Characteristic  animals  are  the  Prong- 
buck,  the  Musk-rat,  the  American  Buffalo,  Tree-Porcupines, 
and  the  Turkey.  The  Beaver,  Reindeer  (Caribou),  Sheep,  and 
Bears  are  types  common  to  this  and  the  Palcearctic  Region. 

VI.  The  Neotropical  Province ,  including  the  whole  of  South 
America,  Central  America,  and  Southern  Mexico,  together  with 
the  Antilles.  Characteristic  animals  are  the  Platyrhine 
Monkeys,  Llamas,  Peccaries,  Cavies,  Sloths,  Ant-eaters, 
Armadillos,  Trogons,  and  Curassows.  There  is  an  absence 
of  Insectivorous  Mammals,  Goats,  Antelopes,  Oxen,  Cranes, 
&c.  The  Opossums  are  common  to  this  and  to  the  Nearctic 
Province. 

The  Fauna  of  Oceanic  Islands. — Islands  in  the  open  ocean,  far  from 
land,  are  usually  characterised  by  certain  remarkable  zoological  features 
as  compared  with  the  continents,  or  with  islands  close  to  the  continents. 
The  most  remarkable  of  these  features  are  the  following  : — 

1.  Oceanic  islands  have  comparatively  few  species  of  animals,  as  com¬ 
pared  with  an  equal  area  of  continental  land. 

2.  On  the  other  hand,  an  extraordinarily  large  proportion  of  the  species 
are  peculiar  or  “endemic.” 

3-  Oceanic  islands  are  remarkable  for  the  number  of  species  of  terrestrial 
Molluscs  which  they  possess,  and  for  the  large  proportion  of  these  which 
are  peculiar  to  the  islands  in  which  they  occur. 

4-  Terrestrial  Mammals  are  few  in  number  or  wanting,  and  such  in¬ 
digenous  species  as  may  be  present  are  usually  of  small  size. 

Bathymetrical  Distribution. — In  the  ocean,  as  upon  the  land, 
animals  are  distributed  according  to  more  or  less  definite  laws. 

I  here  are,  therefore,  marine  zoological  provinces,  as  there  are 
terrestrial  ones, — particular  tracts  of  the  ocean  being,  in  all 
regions,  adapted  for  the  life  of  peculiar  types  of  animals. 

I  hus,  many  marine  animals  abound  especially  in  those  por¬ 
tions  of  the  sea-shore  which  lie  between  tide-marks,  and  which 
are  therefore  uncovered  twice  a-day  by  the  retreating  tide. 

I  his  tract  of  the  ocean-bed,  between  high  and  low  water¬ 
mark,  is  termed  the  “Littoral  Zone”;  and  in  all  countries  it 
is  characterised  by  the  prevalence  of  particular  groups  of 
marine  animals,  which  have  their  maximum  development  in 
this  zone,  or  may  be  exclusively  confined  to  it.  Below  low- 
water  mark  down  to  depths  of  about  15  fathoms,  the  great 
Tangle  ( Laminaria )  flourishes  in  profusion,  giving  food  and 
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shelter  to  innumerable  types  of  marine  life.  This  tract  of  the 
ocean-bed  is  often  spoken  of  as  the  “  Laminarian  Zone.” 
Beyond  the  Laminarian  zone  are  other  regions  of  different 
depths,  which  can  often  be  recognised  more  or  less  clearly 
by  the  animals  which  inhabit  them,  and  which  have  been 
indicated  by  special  names.  Thus,  the  “  Coralline  Zone  ” 
extends  from  15  to  50  fathoms,  and  the  name  of  “Deep-sea 
Coral  Zone  ”  has  been  given  to  the  tract  of  the  ocean-bed 
between  50  and  100  fathoms  in  depth. 

The  older  naturalists  believed  that  at  depths  greater  than 
about  300  fathoms,  animal  life  became  extremely  scanty  in 
the  sea,  or  disappeared  altogether.  It  is  now  known,  how¬ 
ever,  through  the  researches  of  Carpenter,  Wyville  Thomson, 
Gwyn  Jeffreys,  Wallich,  Sars,  Pourtales,  A.  Agassiz,  and  many 
other  investigators,  that  the  “deep  sea,”  properly  so  called, 
extending  from  a  depth  of  300  fathoms  down  to  depths  ot 
3000  or  4000  fathoms,  is  tenanted  by  a  vast  number  of 
animals,  constituting  a  very  remarkable  and  peculiar  life- 
assemblage.  The  preponderating  groups  among  these  deep- 
sea  or  “abyssal”  animals  are  the  Foraminifera,  the  Radio- 
larians,  the  Siliceous  Sponges,  and  the  Echinoderms ;  but 
there  are  deep-sea  representatives  of  almost  all  the  groups  of 
marine  animals.  Except  in  very  limited  depths,  it  seems, 
further,  certain  that  the  distribution  of  marine  animals  is 
mainly  conditioned  not  by  the  depth  of  the  water,  but  by  its 
temperature.  Similar  types  of  marine  life  are,  therefore,  found 
inhabiting  areas  in  the  deep  sea  in  which  the  bottom-tempera¬ 
ture  is  the  same,  irrespective  of  what  the  precise  depth  ot  the 
water  may  be.  It  may  also  happen  that  two  neighbouring 
areas  of  the  sea-bottom  may  be  inhabited  by  diflerent  assem¬ 
blages  of  animals,  in  spite  of  their  being  dose  together,  pro¬ 
vided  one  area  is  swept  by  a  current  of  warm  water,  while  the 
other  has  its  temperature  lowered  by  an  influx  of  cold  bottom- 
water. 

Lastly,  we  may  regard  the  surface-layer  of  the  open  ocean, 
from  the  actual  surface  to  depths  of  a  few  fathoms,  as  consti¬ 
tuting  another  special  zone  of  marine  life.  The  animals  in¬ 
habiting  this  zone  are  often  spoken  ot  as  pelagic  01 
“  oceanic”  animals,  and  they  are  often  more  or  less  delicate 
and  gelatinous  in  texture,  often  translucent  or  transparent,  and 
sometimes  brightly  coloured.  Among  the  more  striking  groups 
of  pelagic  animals  may  be  mentioned  the  Foraminifera ,  the 
Oceanic  Hydrozoa ,  and  the  Pteropods  ;  but  many  other  groups 
possess  pelagic  representatives.  1  hese  oceanic  animals  con¬ 
stitute  one  of  the  principal  sources  of  food  of  the  deep-sea 
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animals,  their  bodies  after  death  ultimately  falling  to  the 
bottom  of  the  sea.  The  mud  at  the  bottom  of  the  deep  sea  is 
also  commonly  largely  composed  of  the  accumulated  skeletons 
of  these  pelagic  types  of  life  (. Foraminifera ,  Radiolaria,  &c.). 
With  regard  to  the  great  mass  of  water  which  lies  between  the 
surface-layer  just  spoken  of  and  the  bottom  of  the  deep  sea, 
our  actual  knowledge  is  still  imperfect ;  but  there  seems  to  be 
reason  to  think  that  in  it  animal  life  is  either  very  sparingly 
developed,  or  is  wholly  wanting. 

14.  Distribution  in  Time. 

The  distribution  of  animals  in  time,  or  their  “geological  dis- 
tubution,  constitutes  a  special  branch  of  Zoological  Science, 
to  which  the  name  of  Paleontology  is  given.  The  laws  of 
distribution  in  time  are,  however,  from  the  nature  of  the  case, 
much  less  perfectly  known  than  are  those  relating  to  the  dis¬ 
tribution  of  animals  in  space  ;  and  it  is  only  possible  here 
to  indicate  some  of  the  elementary  considerations  relating 
thereto.  0 

In  the  first  place,  Geology  shows  us  that  a  very  large  portion 
of  the  crust  of  the  earth  is  composed  of  rocks  which  existed 
originally  in  the  form  of  sand,  mud,  clay,  or  calcareous  ooze, 
and  which  were  laid  down  at  the  bottom  of  the  sea.  Other 
rocks,  of  a  similar  mineral  nature,  can  be  shown  to  have  been 
originally  formed  by  lakes  or  rivers ;  and  there  are  also  rocks 
which  can  be  proved  to  have  once  been  land-surfaces  or  soils. 
All  these  various  kinds  of  rocks  are  more  or  less  clearly  divided 
into  layers,  or  are  “  stratified These  various  kinds  of  rock, 
in  the  second  place,  often  contain  in  their  interior  what  are 
called  “  fossils  ”  or  “  petrifactions,”  —  in  other  words,  the 
remains  or  traces  of  animals  and  plants  which  lived  at  the 
time  when  the  rocks  were  in  actual  process  of  formation.  In 
rocks  which  have  been  formed  in  the  sea,  the  fossils  consist 
chiefly  of  the  skeletons  of  shell-fish,  corals,  sea-urchins,  and 
other  marine  animals  \  in  rocks  which  have  been  formed  in 
lakes  or  rivers,  we  have  chiefly  fresh-water  shells  and  the 
skeletons  of  fresh-water  fishes ;  and  in  ancient  soils  we  find 
the  remains  of  plants,  along  with  air-breathing  animals,  such 
as  insects,  spiders,  or  quadrupeds. 

by  means  of  these  fossils  we  can  not  only  determine  the 
mode  of  origin  of  any  particular  stratified  rock,  but  it  is  also 
possible  to  divide  the  entire  series  of  stratified  deposits  into 
definite  and  chronologically  successive  groups  of  strata,  which 
are  technically  called  “  formations.”  Each  of  these  rock- 
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groups,  or  “  formations,”  is  characterised  by  the  occurrence  of 
an  assemblage  of  fossil  remains  more  or  less  peculiar  to  itself. 
Each  “  formation,”  therefore,  corresponds  with  a  particular 
period  in  the  history  of  the  earth — the  rocks  of  the  formation 
representing  part  of  the  marine,  lacustrine,  fluviatile,  or  ter¬ 
restrial  deposits  of  the  period ;  and  the  fossils  of  the  forma¬ 
tion  presenting  to  us  part  of  the  animals  and  plants  which 
lived  at  the  same  period. 

The  majority  of  the  animals  of  which  the  remains  are  now 
found  in  the  rocks  of  the  earth’s  crust,  are  “  extinct,”  and 
belong  to  types  no  longer  in  existence.  In  the  older  forma¬ 
tions,  not  only  are  all  the  animals  extinct,  but  they  differ 
widely  from  the  types  now  in  existence,  and  the  older  the 
formation,  the  greater  is  this  unlikeness.  On  the  contrary,  in 
the  more  modern  formations,  the  animals  approximate  more 
and  more  closely  to  existing  types  in  their  general  characters. 
Ultimately,  in  the  latest-formed  rock-groups,  we  begin  to  meet 
with  animals  now  actually  in  existence,  along  with  many  forms 
which  are  extinct.  In  "still  later  formations,  the  number  of 
extinct  species  is  found  to  gradually  diminish,  and  the  number 
of  species  still  living  to  gradually  increase,  till  we  reach  the 
“  recent  ”  period,  in  which  none  of  the  animals  (save  such  as 
have  been  exterminated  by  man)  are  extinct. 

Though  many  extinct  animals  are  so  peculiar  that  they  have 
to  be  placed  in  distinct  families  or  orders,  there  is  at  present 
no  known  fossil  which  cannot  be  referred  to  one  or  other  of 
the  existing  sub-kingdoms.  So  far  as  our  present  knowledge 
goes,  we  have,  therefore,  no  proof  of  the  former  existence  and 
disappearance  of  any  primary  “  morphological  type.” 

All  the  great  morphological  types  of  the  Invertebrata  are  re¬ 
presented  in  the  earlier  periods  of  the  earth’s  history,  and  their 
remains  are  found  in  the  oldest  fossiliferous  formations.  The 
Vertebrates  appear  later  than  the  Invertebrates;  and  in  both 
oreat  sections  of  the  animal  kingdom  there  is  traceable  a 
gradual  progression  as  we  proceed  from  older  to  later  forma¬ 
tions,  higher  and  higher  zoological  types  appearing  as  we 
approach  the  recent  period.  There  is,  however,  a  great  dif¬ 
ference  in  this  respect  as  regards  different  types  of  life;  some 
having  suffered  a  very  early  extinction,  or  having  been  intro¬ 
duced  only  in  very  late  periods,  while  other  so-called  “  per¬ 
sistent  ”  types  (such  as  Nautilus  and  Lingula )  appeared  at  an 
extremely  early  period,  and  are  still  represented  by  living 
forms.  Lastly,  many  extinct  species  of  animals  belong  to 
what  have  been  termed  “intercalary”  or  “synthetic”  types, 
since  they  exhibit  characters  intermediate  between  existing 
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groups  of  animals.  The  study  of  such  types  has  a  peculiar 
zoological  interest,  as  they  afford  a  means  of  bridging  over  the 
gap  between  groups  now  widely  separated,  and  indicate  the 
true  line  of  descent  of  our  existing  species  of  animals. 

In  accordance  with  the  laws  above  indicated,  the  fossiliferous 
rock-formations  which  compose  the  crust  of  the  earth  may  be 
divided  into  four  great  series,  termed  respectively  Archean, 
Pakeozoic  or  Primary,  Mesozoic  or  Secondary,  and  Kainozoic 
or  Tertiary. 

The  Archean  period  is  represented  by  the  most  ancient  of 
the  stratified  deposits,  and  the  rocks  of  this  period  are  not 
only  for  the  most  part  highly  crystalline  in  their  character, 
but  they  have  not  hitherto  yielded  any  undoubted  remains  of 
animals  or  plants. 

lhe  Palaeozoic  or  Ancient-life  period  is  represented  by  the 
oldest  of  the  fossiliferous  formations,  and  is  characterised  by 
the  marked  divergence  of  the  life  of  the  period  from  all  exist¬ 
ing  forms. 

In  the  Mesozoic  or  Middle-life  period,  the  general  facies  of 
the  fossils  approaches  more  nearly  to  that  of  our  existing  fauna 
and  flora  ;  but — with  very  few  exceptions — the  characteristic 
fossils  are  all  specifically  distinct  from  all  existing  forms. 

In  the  Kainozoic  or  New-life  period,  the  approximation  of 
the  fossil  remains  to  existing  living  beings  is  still  closer,  and 
some  of  the  forms  are  now  specifically  identical  with  recent 
species  ;  the  number  of  these  increasing  rapidly  as  we  ascend 
from  the  lowest  Kainozoic  deposit  to  the  Recent  period. 

Appended  is  a  table  giving  the  more  important  subdivisions 
of  the  four  great  geological  periods,  commencing  with  the 
oldest  rocks  and  ascending  to  the  present  day  (fig.  12). 


I.  Archean  Rocks. 
Pebidian  Rocks,  &c.) 


(Laurentian  Rocks,  Dimetian  Rocks, 


II.  Palaeozoic  Rocks. 

1.  Cambrian.  (Lower  and  Upper.) 

2.  Ordovician. 

3.  Silurian. 

4-  Oevonian,  or  Old  Red  Sandstone.  (Lower,  Middle,  and 
Upper.) 

5.  Carboniferous.  (Mountain-limestone,  Millstone-grit,  and 
Coal-measures.) 

6.  Permian.  ( =  the  lower  portion  of  the  New  Red  Sand¬ 
stone.) 
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Ideal  Section  of  the  Crust  of  the  Earth. 

Fig.  12. 
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Carboniferous. 


Devonian,  or  Old  Red  Sandstone. 


Ordovician  and  Silurian. 

Cambrian. 

Huronian. 

I.aurentian. 
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III.  Mesozoic  or  Secondary  Rocks. 

7.  I  riassic  Rocks.  (Bunter  Sandstein,  or  Lower  Trias; 
Muschelkalk,  or  Middle  Trias;  Keuper,  or  Upper  Trias- 
Rhaetic  beds.) 

8.  Jurassic  Rocks.  (Lias,  Inferior  Oolite,  Great  Oolite, 
Oxford  Clay,  Coral  Rag,  Kimmeridge  Clay,  Portland  Stone, 
Purbeck  beds.) 

9.  Cretaceous  Rocks.  (Wealden,  Lower  Greensand,  Gault, 
Upper  Greensand,  White  Chalk,  Maestricht  beds.) 

IV.  Kainozoic  or  Tertiary  Rocks. 

10.  Locene.  (Lower,  Middle,  and  Upper.) 

11.  Miocene.  (Lower  and  Upper.) 

12.  Pliocene.  (Older  Pliocene  and  Newer  Pliocene.) 

13.  Post-tertiary.  (Post-pliocene  and  Recent.) 


Cn 
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INVERTEBRATE  ANIMALS. 

PROTOZOA. 


CHAPTER  I. 

i.  General  Characters  of  the  Protozoa. 

2.  Classification.  3.  Gregarinid.e. 

x.  General  Characters. — The  sub-kingdom  Protozoa,  as  the 
name  implies,  includes  the  most  lowly  organised  members  of 
the  animal  kingdom,  and  may  be  defined  as  comprising 
animals  composed  of  undifferentiated  protoplasm ,  or ,  at  most ,  of 
protoplasm  so  far  differentiated  as  to  have  developed  an  outer 
“  wall"  and  a  central  “  nucleus,”  the  organism  in  the  latter  case 
becoming  a  “ cell .”  In  no  case  are  definite  11  tissues”  developed 
by  the  differentiation  of  a  primitive  cellular  aggregate.  There 
is  no  proper  “body-cavity”  ;  no  nervous  system  ;  and  either  no 
alimentary  apparatus ,  or  one  of  a  most  rudimentary  nature. 
Sexual  reproduction ,  by  means  of  ova  and  spermatozoa ,  is  not 
known  to  occur. 

As  has  been  already  pointed  out,  the  entire  animal  kingdom 
may  be  divided  into  the  two  primary  sections  of  the  Protozoa 
and  the  Metazoa — the  former  comprising  animals  which  are 
essentially  unicellular,  or  consist  ol  simple  undifferentiated 
protoplasm  (“cytodes”),  while  the  latter  are  multicellular,  and 
commonly  have  their  cells  differentiated  to  foim  definite 
“tissues.”  On  this  view,  the  Sponges,  which  have  been  often 
associated  with  the  Protozoa ,  must  be  placed  in  the  section  of 

the  Metazoa.  .  .  .  ,  . 

The  Protozoa  are  for  the  most  part  aquatic  in  their  habits, 

and  are  generally  of  microscopic  size.  They  are  composed  of 
contractile,  jelly-like,  or  semi-fluid  protoplasm,  to  which  the 
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name  of  “  sarcode  ”  is  commonly  applied.  The  protoplasm  of 
the  outer  layer  of  the  body  is  often  comparatively  firm  in  tex¬ 
ture,  and  clear  or  hyaline  in  aspect  (“ectoplasm  ”) ;  while  the 
central  portion  of  the  body  is  composed  of  more  fluid  proto¬ 
plasm  ("endoplasm’),  in  which  are  developed  numerous 
minute  granules,  probably  of  a  fatty  nature.  In  many  cases 
the  protoplasm  is  not  surrounded  by  a  definite  outer  envelope 
01  wall,  and  has  no  “nucleus,”  thus  permanently  remaining 
in  the  condition  of  a  mere  “cytode.”  In  other  cases,  there 
is  developed  m  the  protoplasm  a  definite  solid  or  vesicular 
central  body  or  “nucleus,”  and  an  outer  “wall”  is  also 
present,  the  organism  thus  constituting  a  “cell.” 

As  a  rule,  the  protoplasm  of  the  Protozoa  contains  more  or 
less  numerous  circular  clear  spaces,  which  are  filled  with  a 
watery  fluid,  and  are  termed  “vacuoles.”  These  may  be  very 
minute,  or  may  be  of  large  size,  and  they  are  not  only  not 
furnished  with  a  definite  wall,  but  are  only  temporary  and 
variable  in  position.  They  are,  in  fact,  mere  spaces  in  the 
protoplasm,  occupied  either  by  water  or  by  the  fluids  formed 
m  the  process  of  digestion.  In  many  cases,  there  may  be 
observed  in  addition  one  or  two  clear  spaces  in  the  proto¬ 
plasm  which,  though  without  walls,  differ  from  the  ordinary 
vacuoles  in  being  permanent  in  position,  and  in  opening  and 
c  osmg  at  intervals.  These  are  the  so-called  “contractile 
vesicles  '  or  “pulsating  vacuoles,”  and  they  have  been  shown, 
in  some  cases,  to  give  out  radiating  tubes  into  the  surrounding 
protoplasm,  and  to  communicate  with  the  exterior.  They  are 
probably  excretory  in  function,  though  they  have  been  looked 
ujion  as  a  rudimentary  form  of  circulatory  organs. 

lere  are  no  traces  of  a  proper  nervous  system  in  any  of 
tlie  7  rotozoa  ;  though  structures  which  may  possibly  be  of  the 
nature  of  sense-organs  are  sometimes  present.  Food  is  taken 
into  the  body  by  simple  absorption  through  the  general  sur¬ 
face  by  means  of  “pseudopodia,”  or,  in  the  higher  forms,  by 
a  distinct  external  opening  or  mouth.  From  the  presence  01- 
absence  of  a  mouth  the  Protozoa  have  sometimes  been  divided 
into  the  two  sections  of  the  “  stomatode  ”  and  “astomatous” 

J  totozoa  ;  but  the  distinction  is  one  of  little  value.  Beyond  a 
mouth,  and  sometimes  a  short  gullet,  no  differentiated  alimen- 
or»ans  exist  in  any  Protozoan.  No  proper  reproductive 
oigans  exist,  and  ova  and  spermatozoa  are  therefore  not  pro- 
(  uce  i)  any  member  of  the  sub-kingdom.  Reproduction  is 
generally  effected  by  cleavage  (“fission”),  with  or  without 
previous  conjugation”  of  two  individuals. 

In  a  few  of  the  Protozoa  contractile  fibres,  which  may  be 
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compared  with  the  muscles  of  the  higher  animals,  are  de¬ 
veloped.  The  most  characteristic  organs  of  locomotion  among 
the  Protozoa  are,  however,  “  pseudopodia,”  or,  in  other  words, 
prolongations  of  the  sarcode,  which  can  be  thrown  out  from 
a  part  or  from  the  whole  of  the  surface,  and  which  can  be 
again  retracted  and  withdrawn  in  the  general  body-substance. 
In  other  cases,  locomotion  is  effected  by  the  microscopic  hair¬ 
like  processes  known  as  “  cilia,”  which  have  the  power  of  lash¬ 
ing  to  and  fro  or  vibrating  with  great  rapidity.  Sometimes  the 
cilia  are  accompanied  or  replaced  by  long  whip-like  contractile 
processes,  which  act  in  the  same  way,  and  which  are  known  as 
“  flagella.” 

The  protoplasm  may  be  destitute  of  any  hard  structures,  01 
may  have  the  power  ot  developing  an  internal  or  external 
skeleton,  generally  composed  ot  lime  or  flint,  and  otten  ot  a 
very  complicated  and  mathematically  regular  form. 

2.  Classification  of  the  Protozoa.— The  sub-kingdom  Protozoa 
is  divided  into  three  classes — viz.,  the  Gregarinidce ,  the  Rhizo- 
poda,  and  the  Infusoria.  In  the  Infusoria  only  is  a  mouth 
present,  and  hence  these  are  sometimes  spoken  of  as  the 
“  Stoma tode  ”  Protozoa ,  whilst  the  two  former  classes  collec¬ 
tively  constitute  the  “  AstomataP  Many  of  the  Infusorians, 
however,  have  no  mouth. 

The  following  is  a  tabular  view  of  the  divisions  of  the 
Protozoa : — 

Class  I.  Gregarinidce. 

Class  II.  Rhizopoda. 

Order  i.  Monera. 

,,  2.  Amoebea. 

,,  3.  Foraminifera. 

,,  4.  Radiolaria. 

„  5.  Heliozoa. 

Class  III.  Infusoria. 

Order  1.  Suctoria. 

,,  2.  Ciliata. 

,,  3.  Flagella ta. 

,  Class  I.  Gregarinidce.— The  Gregarinidce  may  be  de¬ 
fined  as  Protozoa  in  which  the  body  has  the  form  of  a  simple 
cell,  without  any  mouth-aperture ,  and  destitute  of  the  power  of 
emitting  pseudopodia.  The  surface  is  not  provided  with  cilia, 
flagella ,  or  contractile  filaments.  This  class  comprises  minute 
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or  microscopic  animals,  which  are  for  the  most  part  parasitic 
in  their  habits,  and  which  are  found  in  the  alimentary  canal  or 
internal  organs  of  both  Invertebrate  and  Vertebrate  animals. 
They  are  especially  abundant  as  parasites  of  certain  insects, 
Crustaceans,  or  worms.  Rarely  they  are  external  parasites,  or 
are  found  in  decayed  wood. 

Anatomically,  an  adult  Gregarine  (fig.  T3  B,  and  fig.  14  b) 


1  ‘S'  !  3-  Greganmdae.  A,  Greganna  gigantca ,  parasitic  in  the  Lobster,  enlarged,  after 
Van  Beneden.  B  Monocyst  is  magna,  parasitic  in  the  Earth-worm,  enlarged.  C,  An 
immature  individual  of  Greganna  blattanim,  greatly  enlarged,  after  Biitschli, 
k"\' ucleus"6  Separatl0n  oP  the  bodV  i|Uo  an  anterior,  middle,  and  posterior  portion  : 


has  the  form  of  a  simple  cell,  consisting  of  an  ill-defined  mem¬ 
branous  envelope  Idled  with  more  or  less  granular  sarcode 
ith  fatty  particles,  and  sometimes  differentiated  into  a  dis¬ 
tinct  contractile  “  cortical  layer,”  which  contains  in  its  interior 
a  vesicular  nucleus,  this  in  turn  enclosing  a  solid  particle,  or 
nucleolus.  In  some  the  body  exhibits  an  approach  to  a  more 
complex  structure  by  the  presence  of  one  or  two  transverse 
internal  septa  (fig.  13  C,  and  fig.  14  a)-,  and  a  separate  order 
has  been  founded  for  the  reception  of  such  under  the  name  of 
Dicystidea,  the  simpler  forms  being  grouped  together  under 
the  name  of  Monocystidea.  As  regards  their  size,  Gregarines 
vary  from  purely  microscopic  dimensions  up  to  a  length  of 
about  half  an  inch.  The  cell  which  constitutes  the  body  is 
usually  elongated,  and  the  larger  forms  look,  therefore,  like 
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small  worms.  The  cuticle  with  which  the  protoplasmic  body 
is  enclosed  may  be  smooth,  or  striated,  or  may  carry  minute 
hair-like  processes.  Sometimes  one  end  of  the  body  is  fur¬ 
nished  with  hooked  processes  (fig.  14  a),  the  function  of  which 
is  to  attach  the  parasite  to  the  epithelial  lining  of  the  ali¬ 
mentary  canal  of  its  host.  No  differentiated  organs  of  any 
kind,  beyond  the  nucleus  and  nucleolus,  exist,  and  both  as- 


Fig.  14. — Morphology  and  development  of  Gregarinidte  (after  Stein  and  Lieberkuhn). 
a  Sty lorhync hits  oligacanthns ,  a  “  dicystidean  ”  Gregarine ;  /•  Gregarine  of  the 
earth-worm  (“  monocystidean  ”);  c  The  same  encysted;  d  Further  stage  of  the 
same,  with  the  contents  divided  into  “pseudonavicella;”;  c  Free  “pseudonavi- 
cellae  " ;  /  Amcebiform  mass  of  protoplasm  liberated  from  a  pseudonavicella  ;  g  and 
h  Active  forms  of /.  All  the  figures  are  greatly  enlarged. 


simulation  and  excretion  are  performed  by  the  general  surface 
of  the  body.  Though  there  are  no  pseudopodia,  the  body  is 
contractile,  and  slow  movements  can  be  effected.  Reproduc¬ 
tion  is  effected  by  fission  of  the  protoplasm  of  the  body,  either 
in  a  single  individual  or  in  two  individuals  which  have  become 
fused  together,  the  fission  being  preceded  by  a  quiescent  stage 
in  which  the  protoplasm  surrounds  itself  in  a  membranous 
capsule  or  cyst. 

The  following  is  the  general  sequence  of  phenomena  observed  in  the  re¬ 
production  of  the  Gregarines,  these  phenomena  occurring  sometimes  with¬ 
out  apparent  cause,  or  sometimes  resulting  from  the  apposition  and  coales¬ 
cence  of  two  individuals.  In  some  species  conjugation  is  invariable  ;  in 
others  it  never  occurs ;  and  it  may  take  place  either  by  analogous  or  by 
opposite  extremities.  The  Greganm — or  it  may  be  two  individuals  which 
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have  come  into  contact  and  adhered  together— assumes  a  globular  form, 
becomes  motionless,  and  develops  round  itself  a  structureless  envelope  or 
cyst,  when  it  is  said  to  be  “encysted”  (fig.  14,  c).  The  central  nucleus 
then  disappears,  apparently  by  dissolution,  whereupon  the  granular  con¬ 
tents  of  the  cyst  break  up  into  a  number  of  little  rounded  masses,  which 
gradually  elongate  and  become  lanceolate,  when  they  are  termed  “pseudo- 
navicellae”  (or  “ pseudonaviculre, ”  fig.  14,  d).  The  next  step  in  the  pro¬ 
cess  consists  in  the  liberation  of  the  pseudonavicellse,  which  escape  by  the 
rupture  of  the  enclosing  cyst  (fig.  14,  e).  If  they  now  find  a  congenial 
habitat,  they  give  origin  to  little  sarcodic  masses,  which  exhibit  lively 
movements,  and  are  endowed  with  the  power  of  throwing  out  and  retract¬ 
ing  little  processes  of  the  body  which  closely  resemble  the  “pseudopodia” 
of  the  Rhizopoda ;  so  that  the  pseudonavicella  in  this  condition  is  very 
similar  to  an  adult  Amceba  (fig.  14,  f  g,  h).  Finally,  these  amcebiform 
bodies  are  developed  into  adult  Gregarina.  In  other  cases,  the  contents 
of  the  pseudonavicella  are  converted  in  part  into  sickle-shaped  rods,  which 
ultimately  give  rise  to  adult  Gregarines.  It  will  be  seen  from  the  above 
that  the  formation  of  the  pseudonavicellre  out  of  the  granular  contents  of 
the  body,  subsequent  to  the  disappearance  of  the  nucleus,  presents  a  close 
analogy  to  the  segmentation  of  the  impregnated  ovum  which  follows  upon 
the  dissolution  of  the  germinal  vesicle.  In  Gregarina  gtgan/ea  of  the  Lob¬ 
ster  the  embryo  is  a  little  mass  of  sarcode,  quite  like  an  Amceba  except  that 
it  wants  a  nucleus  and  contractile  vesicle.  It  soon  gives  out  two  little  con¬ 
tractile  processes  or  arms,  which  become  detached  and  move  about  like 
little  worms,  when  they  are  termed  “  pseudo-filarice,”  from  their  resemblance 
to  free  Nematoids.  After  a  period  of  activity,  the  pseudo-filarian  becomes 
quiescent,  shortens  its  dimensions,  develops  a  nucleus  and  nucleolus,  and 
becomes  an  adult  Gregarina. 

In  the  gills  of  Fishes,  and  in  the  liver,  muscles,  &c.,  of  certain  Mammals, 
are  found  curious  vesicular,  often  caudate  bodies,  which  are  known  as 
“  Psorospermice."  These  are  in  many  respects  like  the  pseudonavicella.'  of 
Gregarines  ;  but  their  true  nature  is  uncertain. 

As  regards  the  habitat  of  different  species  of  Gregarines  in  their  adult 
state,  Gregarina  blattarum  lives  in  the  alimentary  canal  of  the  Cockroach, 
and  Gregarina  gigantea  is  found  in  the  Lobster,  reaching  a  length  of  half 
an  inch.  Monocystis  magna  inhabits  the  testes  of  the  Earth-worm,  and  is  an 
exceedingly  common  form  ;  while  Monocystis  Inmbrici  lives  in  the  skin  of 
the  same  animal,  the  cysts  showing  themselves  as  white  points  below  the 
transparent  integument.  Monocystis  capitata  is  found,  often  in  great  num¬ 
bers,  attached  to  the  hair  in  the  human  subject ;  and  other  species  of  the 
same  genus  are  found  in  the  muscles,  or  valves  of  the  heart,  or  in  the  kid¬ 
neys  of  man.  Many  other  species  are  known,  inhabiting  the  internal 
organs,  body-cavity,  or  alimentary  canal  of  various  Invertebrate  or  Verte¬ 
brate  animals.  One  or  two  forms  have  been  found  in  decaying  wood. 
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CHAPTER  II. 

RHIZOPODA. 

(Sarcodina.) 

General  Characters  of  the  Rhizopoda. — The  types  which 
are  grouped  together  under  the  name  of  Rhizopods  may  be 
defined  as  Protozoa  which  are  destitute  of  a  mouth ,  and  have 
the  power  of  emitting  pseudopodia.  The  protoplasm  is  not  pro¬ 
vided  with  a  definite  external  envelope  or  wall,  and  may  be 
homogeneous,  or  may  exhibit  a  division  into  a  clear  homo¬ 
geneous  outer  layer  (“  ectoplasm”  or  “ectosarc”),  and  a  more 
fluid  and  granular  internal  portion  (“  endoplasm  ”  or  “endo- 
sarc”).  The  characteristic  “pseudopodia”  are  temporary 
processes  of  sarcode,  sometimes  thread-like,  sometimes  blunt 
or  finger-shaped,  which  can  be  thrust  out  from  various  parts  of 
the  body,  into  the  substance  of  which  they  again  melt  when 
retracted.  They  are  used  in  locomotion  and  in  obtaining 
food.  A  “  nucleus  ”  and  “  nucleolus  ”  are  often  present  in 
the  protoplasm,  and  there  maybe  one  or  more  “contractile 
vesicles”;  but  in  other  cases  all  these  structures  may  be 
wanting.  In  many  instances  the  protoplasm  has  the  power  of 
secreting  a  skeleton  of  lime  or  flint;  but  in  other  cases  no 
hard  structures  are  developed. 

Five  principal  types  of  structure  are  known  in  the  Rhizopoda, 
and  these  constitute  as  many  distinct  orders,  to  which  the 
names  of  Monera ,  Amcebea,  Foraminifera ,  Radiolana ,  and 
Heliozoa  are  given. 

Order  I.  Monera. — This  name  has  been  proposed  by 
Haeckel  for  certain  singular  organisms  which  may  provisionally 
be  regarded  as  the  lowest  group  of  the  Rhizopoda.  They  are 
very  minute  in  size,  and  are  distinguished  by  the  fact  that 
the  body  is  composed  of  structureless  sarcode,  capable  of  emit¬ 
ting  thread-like  prolongations  or  pseudopodia,  but  destitute 
of  either  nucleus  or  contractile  vesicle.  The  pseudopodia  are 
mostly  in  the  form  of  delicate  filamentous  processes  of  sarcode, 
which  exhibit  a  circulation  of  minute  molecules  and  granules 
in  their  interior  and  along  their  edges.  Sometimes  the  pseu¬ 
dopodia  may  be  simple,  as  in  Protamoeba  (fig  15,  a),  or  they 
may  be  ramified  and  anastomosing,  as  in  Protogenes  (fig.  1). 
The  form  of  the  body,  though  very  mutable,  may  be  simple ; 
or  the  organism  may  form  a  kind  of  colony  of  protoplasmic 
masses  united  by  their  interlacing  pseudopodia  (as  in  Myxo- 
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dictyon).  Sometimes  the  organism  passes  through  a  quiescent 
stage,  alternating  with  a  locomotive  phase  of  existence.  No 
hard  covering  or  “test”  is  ever  developed.  Reproduction  is 
mostly  by  fission,  with  or  without  precedent  encystation  (as  in 
Protomyxa,  fig.  15,  b  and  c)  and  quiescence.  All  the  Monera  are 


tig.  15.  Morphology  of  Monera.  a  Protamccba  porrecta  ;  b  Protomyxa  aurautiaca  ; 
c  1  he  same  in  an  encysted  condition.  Greatly  magnified. 


inhabitants  of  water,  and  they  differ  from  forms  like  the  A  mat  b  a 
in  the  fact  that  the  body  is  a  mere  “cytode,”  or  a  “  plasmo- 
dium  ,  the  protoplasm  being  destitute  of  a  nucleus,  and  not 
being  differentiated  into  a  distinct  “  ectosarc”  and  “  endosarc.” 

Order  II.  Amcebea. — This  order  comprises  those  Rhi- 
zopoda  which  are,  with  feta  exceptions ,  naked ;  have  usually 
short,  blutit,  lobose  pseudopodia,  which  do  not  anastomose  with  one 
another;  and  contain  a  u  nucleus”  ( sometimes  several  such),  to¬ 
gether  with  one  or  more  contractile  vesicles. 

I  he  Amoebae,  or  Proteus- Animalcules,  may  be  taken  as 
types  of  this  group,  and  a  general  description  of  one  of  these 
will  sufficiently  indicate  the  leading  points  of  interest  in  the 
order.  I  he  Amoeba  are  microscopic  animalcules,  which  in¬ 
habit  fresh  water,  or  occasionally  ( e.g, .,  Amoeba  terricola )  moist 
sand  or  earth.  Ihe  body  (fig.  16,  II)  is  composed  of  gelatin¬ 
ous  sarcode,  which  admits  of  a  more  or  less  distinct  separation 
into  two  layers:  an  outer  transparent  layer,  termed  the  “ecto¬ 
sarc  or  “ectoplasm”;  and  an  inner,  more  fluid  and  mobile, 
granular  layer,  called  the  “endosarc”  or  “endoplasm.”  The 
“ectosarc”  is  highly  extensile  and  contractile,  and  is  the  layer 
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of  which  the  pseudopodia  are  mainly  composed ;  while  the 
“endosarc”  contains  the  “nucleus”  (or  nuclei)  and  the  “con¬ 
tractile  vesicle”  (or  vesicles),  together  with  the  temporary 
cavities  known  as  “vacuoles.” 

It  does  not  appear  that  the  ectosarc  is  invested  by  any 


Fie  16. — A,  Ama'bce  developed  in  organic  infusions  (after  Beale),  greatly  enlarged. 
B,  Amoeba  princefis  (after  Carter)  :  V  Villous  region  ;  c  Contractile  vesicle 
cleus;  e  Ectosarc. 


proper  outer  membrane  or  “cuticle.”  There  is  also  no 
proper  oral  aperture,  and  the  food  is  merely  taken  into  the 
interior  of  the  body  by  a  process  of  intussusception  any 
portion  of  the  surface  being  chosen  for  this  purpose,  and  act¬ 
ing  as  an  extemporaneous  mouth.  Sometimes  the  ingestion 
of  food  takes  place  chiefly  at  the  posterior  end  of  the  body. 
When  the  particle  of  food  has  been  received  into  the  body, 
the  aperture  by  which  it  was  admitted  again  closes  up,  and 
the  discharge  of  solid  excreta  is  effected  in  an  exactly  similar 
but  reversed  manner.  In  this  case,  however,  the  area  of  the 
general  surface  within  which  an  anus  may  be  extemporised, 
appears  to  be  sometimes  more  restricted,  and  to  comprise  a 
portion  only  of  the  body  (“villous  region"). 

The  “nucleus”  (fig.  17,  ")  is  an  ovate,  spheroidal,  or  dis- 
coidal  body,  consisting  of  an  outer  membrane  enclosing  fluid 
contents,  and  having  a  smaller  body  or  “  nucleolus  in  its 
interior.  In  the  typical  A mocbce  there  is  usually  only  a  single 
nucleus,  but  there  may  be  two  or  more.  Sometimes  there  are 
even  many  nuclei  (as  is  also  seen  in  such  types  as  Pelotnyxa ) ; 
and  in  such  cases  the  nuclei  have  been  sometimes,  erroneously, 
regarded  as  being  connected  with  the  function  of  reproduction. 

The  “  contractile  vesicles  ”  are  cavities  within  the  endosarc 
(fig.  17,  r),  of  which  ordinarily  only  one  is  present  in  the  same 
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individual,  though  there  may  be  two  or  more.  In  position, 
the  “contractile  vesicle,”  or  “pulsating  vacuole,”  as  it  is  often 
called,  is  usually  placed  towards  the  hinder  end  of  the  body, 


as  is  also  the  nucleus.  It  consists  of  a  spherical  space  or 
cavity  in  the  sarcode,  which  becomes  slowly  dilated  and  filled 
with  lluid,  and  then  contracts,  so  as  to  drive  its  contents  into 
the  surrounding  protoplasm.  This  action  of  alternate  dilata¬ 
tion  and  contraction  is  rhythmically,  though  irregularly,  per¬ 
formed.  1  here  is  no  connection,  so  far  as  certainly  known, 
between  the  contractile  vesicle  and  the  exterior.  Function- 
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ally,  the  contractile  vesicle  has  been  variously  regarded  as  an 
excretory  organ,  or  as  a  rudimentary  circulatory  organ.  Most 
probably  it  is  connected  principally  with  excretion,  and  per¬ 
haps  also  with  respiration  (Leidy). 

Besides  the  nucleus  and  contractile  vesicle,  the  endosarc 
contains  more  or  less  numerous  temporary  spaces  or  \acu- 
oles.”  Some  of  these  are  simply  cavities  filled  with  fluid, 
which  may  be  derived  from  the  exterior,  or  may  be  the  result 
of  the  process  of  digestion.  Others,  often  called  “  food-vacu¬ 
oles,”  are  formed  by  the  food-particles  surrounded  by  a  layer 
of  fluid.  In  other,  rarer  cases,  the  vacuoles  may  contain  some 
o-as  in  their  interior.  Sometimes  the  vacuoles  are  compara- 
tively  small  and  few  in  number ;  in  other  cases,  they  may  be 
very  large  and  numerous,  the  sarcode  thus  assuming  (as,  for 
example,  in  Pelomyxa)  a  more  or  less  frothy  aspect.  Some¬ 
times  the  vacuoles  may  even  be  contractile,  but  they  are 
always  temporary  structures,  and  are  subject  to  the  general 
movements  of  the  endoplasm  in  which  they  are  contained. 

There  are  no  traces  of  any  organs  of  sense,  or  of  a  nervous 
system,  or,  indeed,  of  any  other  organs  in  addition  to  those 
already  described.  Locomotion  is  effected  with  moderate 
activity,  but  in  an  irregular  manner,  by  means  of  the  blunt, 
finger-shaped  processes  of  sarcode,  or  pseudopodia,  which  can 
be  ^protruded  at  will  from  any  part  of  the  body,  and  can  be 
again  retracted  within  it.  The  pseudopodia  also  serve  as  pre¬ 
hensile  organs  ;  but  they  do  not  interlace  and  form  a  network, 
nor  do  they  exhibit  any  circulation  of  granules  derived  from 
the  endosarc,  as  in  many  others  of  the  Rhizopoda.  In  a  few 
cases,  the  pseudopodia  are  comparatively  long,  slender,  radi¬ 
ating  processes.  This  is  seen  in  Amoeba  (Dactylosp/nora) 
radiosa  (fig.  17,  B) ;  but  in  this  instance  the  animal  has  the 
power  of  withdrawing  its  long  pseudopodia  and  of  throwing 
out  short  and  blunt  ones  of  the  ordinary  type.  Of  a  somewhat 
different  nature  to  the  pseudopodia  are  the  short,  stiff,  sarcodic 
processes  which  form  a  sort  of  tuft  at  the  hinder  end  of  the 

body  in  many  Amoeba  (fig.  16,  B). 

The  process  of  reproduction  in  the  A maeba  is  only  imper¬ 
fectly  known.  The  commonest  method,  however,  by  winch 
new  individuals  are  produced,  is  certainly  by  the  simple  fission 
or  cleavage  of  the  body  into  two  parts.  A  phenomenon  which 
has  commonly  been  observed  in  the  Amoeba  is  that  the  amnia 
under  certain  circumstances  withdraws  its  pseudopodia  ami 
assumes  a  globular  shape.  The  external  layer  of  the  proto¬ 
plasm  then  thickens,  and  forms  a  kind  of  protective  capsule 
to  the  endoplasm  within.  This  condition  of  “  encystation 
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and  quiescence  has  been  supposed  to  be  connected  with  the 
process  of  reproduction ;  but  this  supposition  has  not  been 
satisfactorily  established.  It  would  rather  seem  to  be  the 
result  of  the  supervention  of  unfavourable  external  conditions, 
and  to  be  devoid  of  reproductive  significance. 


The  remaining  members  of  the  A mcebea 


are  constructed  more  or  less 


the  nearly  allied  Difflugia, 


closely  after  the  type  of  the  Avioeba  itself.  In 
the  sarcode  forming  the  body  of  the  animal 
is  invested  with  a  membranous  envelope  or 
“carapace,”  strengthened  by  grains  of  sand 
and  other  adventitious  solid  particles,  and  hav¬ 
ing  a  single  aperture  at  one  extremity,  through 
which  the  pseudopodia  are  protruded  (fig. 

1 8).  The  animal  generally  creeps  about  head- 
downwards,  so  to  speak  ;  that  is  to  say,  with 
the  closed  end  of  the  carapace  elevated 
above  the  surface  on  which  it  is  moving. 

Difflugia:  often  exhibit  the  phenomenon 
known  as  “conjugation”  or  “zygosis.” 

Under  these  circumstances,  two  Difflugia 
come  in  contact  ;  the  mouths  of  the  two  tests 
are  brought  together  ;  the  two  animals  flow 
backwards  and  forwards  into  each  other’s 
tests,  with  an  apparently  complete  incorpora¬ 
tion  ;  and  finally  they  separate  again,  and 
each  retires  to  its  own  test.  In  Arcella  there 
is  a  discoid  or  basin-shaped  carapace,  secreted 
by  the  animal  itself,  and  likewise  possessing 
but  a  single  pseudopodial  aperture,  placed  in 
this  case  on  the  flat  surface  of  the  body.  One 
species  of  Arcella  (viz.,  A.  arenaria )  is  ter¬ 
restrial  in  its  habits. 

In  Pamphagus  the  pseudopodia  are  pro¬ 
truded  from  one  extremity  of  the  body  only, 
the  rest  of  the  surface  forming  a  sort  of  thin 
investment  which  does  not  permit  the  protru¬ 
sion  of  pseudopodia.  Cochliopodium  is  like 
Arcella,  but  the  test  is  quite  flexible.  Pseucio- 

chlamys,  Hyalosphema,  Quadrula,  Sic. ,  are  other  fresh-water  Rhizopods 
more  or  less  closely  allied  to  Arcella  and  Difflugia,  but  often  exhibiting 
interesting  and  remarkable  modifications  of  structure. 


Fig.  1 8. — Difflugia  pyriformis, 
greatly  enlarged.  (Altered 
.slightly  from  Carter).  The  test 
is  composed  of  angular  grains 
of  transparent  quartz,  within 
which  is  the  transparent  ecto- 
sarc,  lined  by  the  finely  granu¬ 
lar  endosarc.  n  Nucleus;  cc 
Contractile  vesicles. 


I  he  Amcebea  may  be  divided  into  two  sub-orders  :  i.  Amce- 
biiia,  including  those  forms  which  have  the  body  naked ;  and 
2.  Arcellina,  comprising  those  in  which  the  body  is  protected 
by  a  carapace.  The  latter  are  included  by  Hertwig  and  Lesser 
along  with  Gromia  and  the  typical  Foraminifera  in  a  common 
grouj),  to  which  they  give  the  name  of  Thalamophora.  The 
blunt  and  lobose  character  of  the  pseudopodia  in  the  Arcellina 
would,  however,  appear  to  be  a  more  important  character  than 
the  possession  of  a  test,  and  would  assign  lo  these  forms  a 
position  close  to  Amoeba. 
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CHAPTER  III. 

FORAMINIFERA. 

(Reticularia.) 

Order  III.  Foraminifera. — The  Foraminifera  may  be  de¬ 
fined  as  Rhizopoda  in  which  the  body  is  protected  by  a  shell  or 
“  test composed  of  carbonate  of  lime,  or  of  sand- grains  cemented 
together ,  or,  rarely,  of  chit ine  ;  there  is  no  distinct  separation  of  the 
sarcode  of  the  body  into  ectosarc  and  endosarc,  and  a  nucleus  and 
contractile  vesicle  are  present  in  at  any  rate  some  cases.  The 
pscudopodia  are  long  and  filamentous,  and  interlace  with  one  an¬ 
other  to  form  a  network. 

As  regards  the  soft  parts  of  the  Foraminifera,  the  body  is 
composed  of  extensile  and  contractile  sarcode — usually  red¬ 
dish  or  yellowish  in  colour — which  not  only  fills  the  interior  of 
the  shell,  but  generally  invests  its  outer  surface  also  with  a  thin 
film,  from  which  the  pseudopodia  are  emitted  (fig.  19,  b).  The 
test,  therefore,  in  this  case,  is  not  a  true  cuticular  secretion, 
like  that  of  the  Mollusca,  but  it  is  truly  immersed  within  the 
sarcode  of  the  body.  The  sarcode  is  not  differentiated  into  a 
distinct  ectosarc  and  endosarc,  and  until  recently  was  believed 
to  be  devoid  of  a  nucleus  and  contractile  vesicle,  and,  indeed, 
of  any  organs  or  specialised  parts  of  any  kind.  Recent  re¬ 
searches  have,  however,  shown  the  presence  of  a  nucleus  and 
of  contractile  vesicles  in,  at  any  rate,  some  of  the  Foramini¬ 
fera ;  and  these  structures  are,  therefore,  probably  generally 
present,  though  there  are  forms  in  which  they  seem  to  be 
altogether  absent  ( c.g .,  in  Lieberkii/inia).  Even  in  the  poly- 
thalamous  forms  there  seems  to  be,  as  a  rule,  only  one  nucleus, 
so  that  the  organism  morphologically  may  be  regarded  as  a 
single  cell. 

The  pseudopodia  in  all  the  Foraminifera  (fig.  20,  b,  c)  are 
filamentous  and  protrusible  to  a  great  length,  and  they  possess 
the  singular  property  of  uniting  together  in  various  directions 
so  as  to  form  a  kind  of  network,  like  an  “animated  spider's 
web.”  (Hence  the  name  Reticulosa  applied  to  the  order  by 
Dr  Carpenter.)  This  property,  however,  is  not  peculiar  to  the 
members  of  this  order,  but  is  seen  also  in  Actinophrys  and  in 
the  Thalassicollida,  though  to  a  less  extent.  Further,  through¬ 
out  the  entire  network  formed  by  the  inosculating  pseudo¬ 
podia  there  is  a  constant  circulation  of  minute  protoplasmic 
granules  in  different  directions.  As  regards  the  phenomena 
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of  this  movement,  Max  Schultze  observes  that  “as  the  passen- 
geis  in  a  wide  street  swarm  together,  so  do  the  granules  in  one 
ot  the  broader  threads  make  their  way  past  each  other,  often- 


v  »  *  k  -  *  ' _ /-  »  *  -  •  f-TD 


/  / / }  *  7 


Fig')I,?TF°! jfmi.,'ifer.a-  "  The  animal  of  Nonionitta  after  the  shell  has  been  removed 
acld  ^  (after  Schultze),  showing  the  shell  surrounded  by  a  net¬ 

work  of  filaments  dented  from  the  body-substance. 


times  stopping  and  hesitating,  yet  always  pursuing  a  deter¬ 
minate  direction,  corresponding  to  the  long  axis  of  the  thread. 
They  frequently  become  stationary  in  the  middle  of  their 
course,  and  then  turn  round  ;  but  the  greater  number  pass  to 
the  extreme  end  of  the  pseudopodium,  and  then  reverse  the 
direction  of  their  movement.” 

.  ^  he  Foraminifera  are  specially  characterised  by  the  posses¬ 
sion  of  a  “  test  ”  or  external  shell,  which  is  usually  composed 
of  carbonate  of  lime,  but  is  often  made  up  of  grains  of  sand 
or  other  adventitious  solid  particles  cemented  together  by 
animal  matter,  or  which,  as  in  Gromia,  may  be  simply  chitin- 
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ous.  The  test  may  be  composed  of  an  aggregation  of  cham¬ 
bers  or  “  loculi  ”  (fig.  20,  c),  or  of  a  single  chamber  only,  and  its 
walls  are  usually  pierced  by  numerous  pores  or  “foramina 
through  which  the  pseudopodia  are  protruded  ;  the  place  of 
these  being  in  other  forms  supplied  by  the  large  size  of  the 


Fie  20. — Morphology  of  Foraminifera.  «  Lagena  vulgaris  a.  monothalamous  Fora- 
°  minifer  •  b  Miliola  (after  Schultze),  showing  the  pseudopodia  protruded  from  the  oial 
aperture  of  the  shell ;  c  Discorbina  (after  Schultze),  showing  the  nautiloid  shell  with 
the  foramina  in  the  shell-wall  giving  exit  to  pseudopodia  \  d  Section  of  Aodosana 
(after  Carpenter) ;  e  Nodosaria  hispid  a ;  f  Gtobigenna  bulloidcs. 


terminal,  or  “oral"  aperture  of  the  shell  (fig.  20,  l>),  the  walls 

themselves  being  imperforate.  _ 

The  least  highly  developed  form  of  shell  in  the  Foraminifera 
is  that  which  consists  merely  of  a  thinner  or  thicker  chitinous 
envelope,  as  is  seen  in  Gromia  (fig.  19,  b).  This  is  in  Lieber- 
k iih nia  reduced  to  little  more  than  a  kind  of  moderately 

resisting  cuticle.  „  .  .  .  , 

An  advance  upon  the  chitinous  shell  is  that  presented  by 
the  so-called  “arenaceous”  Foraminifera  (fig.  21),  which  are 
among  the  largest  of  the  living  types,  the  test  being  sometimes 
half  an  inch  or  more  in  length.  In  some  cases  the  “arenace¬ 
ous”  test  is  nothing  more  than  a  chitinous  envelope,  protected 
by  a  layer  of  mud,  or  having  sand-grains  more  or  less  largely 
embedded  in  its  substance  (H.  B.  Brady).  Typically,  how¬ 
ever,  the  test  of  the  arenaceous  Foraminifera  consists  of  sand- 
grains  or  other  foreign  particles  united  together  by  a  variable 
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amount  of  a  cementing  material,  this  latter  consisting  princi- 
pal  y  of  peroxide  of  iron  and  carbonate  of  lime  (H.  B.  Brady). 
1  he  great  majority  of  the  Foraminifera  possess  a  shell  com- 


F,S'b  ITesSthoef1r^renaC?0US  Foraminlf?ra-  A'  Test  Of  Astrorhiza,  greatly  enlarged  • 
1.®st  of  1  rochammina  nngens,  enlarged  thirtv  times  ■  r  Ted  r  t  y  ;gc  • 
htu,/or,ms,  enlarged  eighteeif  times.  (ffter Center and’lSy?)  Tr°cham"“>M 

posed  of  carbonate  of  lime,  with  or  without  variable  quantities 
of  other  constituents.  Two  chief  varieties  of  these  calcareous 
shells  are  hnown,  termed  respectively  the  “  porcellanous  ”  and 
the  hyaline  or  “vitreous  ”  types.  In  the  so-called  “  porcel¬ 
lanous  shells  (as  in  Miliolci,  fig.  20,  b),  the  test  is  quite  homo¬ 
geneous  m  its  composition,  opaque-white  when  seen  by  re¬ 
flected  light,  and  having  its  walls  not  perforated  by  pseudo¬ 
podial  apertures.  Normally  the  shell  is  calcareous,  but  it  may 
be  incrusted  by  sand-grains,  or  it  may  even  be  to  a  larger  or 
smaller  extent  composed  of  silica,  as  Mr  Henry  Brady  has 
shown  to  be  sometimes  the  case  in  certain  of  the  Miliolidce. 
The  so-called  hyaline”  or  “vitreous"  shell  is  also  calcareous 
in  its  composition,  but  it  is  transparent  and  glassy  in  texture,  and 
1  s  wa  s  are  perforated  by  numerous  pseudopodial  apertures. 

As  has  just  been  mentioned,  the  test  in  many  Foraminifera 
has  its  walls  perforated  by  numerous  tubules,  which  open  on 
ic  sur  ace,  and  permit  of  the  exit  of  the  pseudopodia,  whereas 
!'?  0  iers  1  ie  shell-wall  is  without  these  pseudopodial  foramina. 

ns  las  >een  used  as  a  character  to  divide  the  entire  group  of 
th t  Foraminifera  into  the  two  sections  of  the  Perforata  and  Im- 
perforata  ;  the  former  including  the  hyaline  or  vitreous  types, 
while  in  the  latter  are  comprised  the  “porcellanous,”  “arena¬ 
ceous,  and  “  chitmous  ”  types.  It  has  been  shown,  however, 
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that  this  division  is  not  strictly  natural,  since  various  arena¬ 
ceous  types  possess  a  test  which  is  more  or  less  extensivel} 

P°It  would  appear,  therefore,  that  the  composition  of  the  shell 
is  liable  to  variation,  in  accordance  with  the  nature  of  the 
materials  obtainable  at  any  particular  station  by  the  organism, 
so  that  too  great  stress  cannot  be  laid  upon  this  character 
classification.  As  a  rule,  the  arenaceous  test  15 /^rture  of 
and  the  pseudopodia  are  emitted  by  the  terminal  aperture  o 
the  shell;  but  cases  are  not  unknown  in  which  the  ual  s 
porous.  Finally,  there  is  a  group  of  forms  in  which  the  test 
(as  in  Gromia)  is  composed  simply  of  chitine. 

In  some  of  the  Foraminifera,  hence  called  simple  or 
“unilocular”  ( Monothalamia ),  the  shell  consists  of  a  singe 
chamber,  and  the  animal  is,  in  fact,  nothing  more  than  a  little 
mass  of  sarcode  enveloped  in  a  chitinous  or  cdcareous  cover¬ 
ing.  Orbulina  (fig.  22,  a),  or  La  gen  a  (fig.  20  a)y.  ith  its  beautiiu 
flask-shaped  shell,  maybe  taken  as  types  of  this  division.  An¬ 
other  well-known  unilocular  form  is  Entosolema,  which  is 
Lakrena  in  shape,  but  has  the  tubular  neck  reversed,  so  as  to 
be  mserted  into  the  interior  of  the  test.  In  the  more  complex 
Fwrinfrra,  the  sarcode  of  the  body  undergoes  a  subdivision 
So  pardally  separated  segments,  produced  by  constrictions  m 
he  g  owingVo  oplasm,  and  each  of  these  segments  becomes 
more  or  le°s  completely  divided  off  from  its  neighbour  or 
“dosed  by  a  wall  of  shell.  In  these  ‘  multi  ocular  or 
“  polythalamous”  Foraminifera.  therefore,  the  shell  ultimate  y 
comes  to  consist  of  a  series  of  chambers,  separated  by  parti¬ 
tions  of  the  test,  and  filled  with  sarcode  (fig.  2-,  -/)• 
partitions,  however,  or  “  septa,”  between  the  different  cham¬ 
bers  are  perforated  by  one  or  more  apertures,  through  i  h  c 
pS  connecting-bands,  or  “stolons,”  of  sarcode ;  so  that  the 
sarcode  occupying  the  different  chambers  is  united  into  a  con- 
inuoiis  and  Organic  whole.  Each  segment  may  give  out  i  s 
own  pseudopodia  through  perforations  in  its  ^vesting  ^ 
L.  2o,  c),  or  the  pseudopodia  may  be  simply  emitted  from 
niouth  of  the  shell  by  the  last  segment  only  (fig.  20,  /). 
In  anv  case  the  direction  in  which  the  segments  are  developed 
In  any  determinate  law,  and  differs  in  different 
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linear  series,  so  as  to  form  a  shell  composed  of  numerous 
chambers  arranged  in  a  straight  line,  we  get  such  a  type  as 
Mdosana  frg.  20 ,  e).  If  the  shell  consists  of  a  double  alter! 
na  e  parallel  series  of  chambers,  we  have  such  a  type  as  Tex- 
tuIaria  ^  22>  ')•  When  the  new  chambers  are  added  in  a 


^  22.  -Shells  of  Foraminifera  n  /),./.  /■  . 

showing  the  tubular  spine's  which  fr""  "X [lversa'  111  lts  Perfect  condition, 

geritia  bulloides,  in  .ts  ordhrtrv  conchfi  n ,  th"??  -  t  S.Vrface  -°f  the  shel1 !  *,  CMi- 

to  the  shell  when  perfect  havfng  b  i  W.hich  ar-e 

Penerophs  flanatus  *  ✓  A> uroKen  on  ,  c,  I extulana  vanabilis ;  d, 

(Fig-  “  is  after  Wyviile  Thomson'  theothZ?™*"  ’  /'  w\yl'//"nn  subarcjiatula. 
are  greatly  enlarged.)  ’  thc  others  are  after  Williamson.  All  the  figures 


Sled Sf1  buinSra,  HttIe  largCr  than  the  OIie  which 

we  let  such  n  f  C°'Is  the  SPiral  '>'inS  in  the  same  plane, 
These  are  L  fornl.  a®  ^corhna  (fig.  20,  c),  or  Rob, tibia. 
resent  hi  so-called  nautiloid  ”  Foraminifera,  from  the 

Naut  lus  F  °f  th,e  She,1‘  in  figure>  to  that  'of  (he  Pearly 
were  r  ri  •  1  ?'S  resembIance  the  nautiloid  Foraminifera 

(Cm,  /  fva!b  paCed  111  the  same  class  as  the  Nautilus 
ination  °f(\\  ’•  Jutftheir  true  position  was  shown  by  the  exarn- 

convn  1,  J  r  ?ft  partS‘  ln  the  tyi)ical  nautiloid  shell  the 
onvolutions  of  the  spiral  all  lie  in  one  plane;  but  in  other 
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cases,  as  in  Rotalia  (fig.  22,  e)  the  shell  becomes  turreted  01 
top-shaped,  in  consequence  of  the  coils  of  the  spiral  passing 
obliquely  round  a  central  axis.  In  other  cases,  as  in  Tinoporus^ 
the  chambers  are  arranged  in  an  irregular  or  “acervuline 

manner. 

In  certain  of  the  polythalamous  Foraminifera,  the  successive  chambers 
are  so  produced  that  the  septum  between  any  two  of  them  is  formed 
solely  by  the  anterior  wall  of  the  older  chamber  which  thus  consUtutes 
the  posterior  wall  of  the  newer  one  (fig.  20,  *).  In  the  highest  types  of 
the  compound  Foraminifera ,  however,  each  segment  is  provided  with  its 
own  proper  wall  of  shell,  each  segment,  as  it  is  produced  forming  for  itself 
a  posterior  wall  which  applies  itself  to  the  anterior  wall  of  the  preced  ng 
segment  so  that  each  septum  (“septal  plane  ”)  is  composed  of  two  lamella;, 
Sen  i„”g“  .  a  (Cn'rpen.h).  ^Moreover,  “in  .he  hrgher  types  of  .he 


11  \o0m 

</-mTrrnrfTi®M 

a 

■ 

Fig.e3.-A,  .  >i«™m  Of 

the  double  nature  of  the  .ept(),.‘  1  of  Calairina  Spengh-yi,  magnified 

(„),  and  .the  supplemental  sUieto ,n t), the  supplemental  skeleton;  C,  Part 
twelve  diameters,  ^°wlf  *fcn/rarina  'magnified  fifty  diameters,  showing  the  tubulated 
of  a  section  of  the  test  ^  anil  the  canal-system  of  the  intermediate  skeleton 

of highly  magnified  showmg  the 

(cPn:al  syswm  of  the  s^ptL  «,  and  margina.  cord  («)•  (After  Carpenter.) 

.  ..  ■,  *. .mm:  we  frenuentlv  meet  with  an  ‘  intermediate  ’  or  ‘  sup- 

hyalme  or  vitreous ^  [  J  a  'ea)mbry  or  exogenous  deposit  upon 
.vnt  ?“hc  chnmhc.1,  by  which  they  receive  .  greet  access,* 
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firiSOTi11'  Tlli*  deP°sit  not  on,y  fllIs  UP  what  would  otherwise  be  super- 
licial  hollows  at  the  junctions  of  the  chambers  (fig.  23,  A  d)  or  fas  in 

Polystowctla)  at  the  umbilical  depression,  but  often  forms  a  layer  of  con- 

tharl  c  h:Cnk,neSS  Tr  thl  Whole  surface’  thus  separating  each  whorl  from 
.  '  1  ch  encloses  it ;  and  it  is  sometimes  prolonged  into  outgrowths  that 

give  a  very  peculiar  variety  to  the  ordinary  contour,  as  in  some  varieties 
f  AWiaand  Poly  Cornelia,  but  most  characteristically  in  Calcarina  (fig. 

hi’inv  r-A  lnu,rmedlate  °r  suPPlemental  skeleton,  wherever  developed 
to  any  considerable  extent,  is  traversed  by  a  set  of  ‘canals,’  which  are 
usually  arranged  upon  a  systematic  plan,  and  are  sometimes  distributed 

rl  rdfi?ira,ble  m‘nutf.ness  (Carpenter).  The  canals  of  this  system  are 
doubt  ess  filled  in  the  living  state  by  prolongations  of  the  sarcode  which 
ene  to  keep  up  the  vitality  of  the  intermediate  skeleton.  This  interme- 
d  ate  skeleton,  with  its  canal-system,  is  largely  developed  in  many  of  the 

5lS»£).  ,g“‘  0f  lhe  types  of  Hyali“  *L,i„ifira  (such  S 

A  few  words  may  be  added  here  with  regard  to  those  Fora¬ 
minifera  which  have  a  chitinous  test,  or  in  which  the  proto¬ 
plasm  is  protected  by  a  sort  of  pseudo-test  (as  in  Diaphoropo- 
don)  formed  of  adventitious  particles.  These  forms  have  been 
included  in  a  single  group  of  which  Gromia  is  the  type,  and 
to  which  the  name  of  Gromidce  has  been  applied.  The  test 
is  always  one  -  chambered,  and  usually  has  an  opening  or 
mouth  at  one  end  only,  rarely  at  both  ends.  A  nucleus 
and  contractile  vesicles  may  be  present  or  wanting :  and  the 
pseudopodia  are  long  and  filamentous,  and  more  or  less  retic- 
iilated.  Of  these  simple  types,  Gromia  (fig.  in,  b )  is  repre¬ 
sented  by  both  marine  and  fresh-water  species,  one  species 
being  known  to  inhabit  moss.  The  test  is  a  chitinous  capsule 
from  a  terminal  aperture  in  which  the  protoplasm  gains  the 
exterior.  Lieberkiihma  is  like  Gromia ,  but  the  test  is  exceed¬ 
ingly  delicate,  and  the  pseudopodia  are  given  off  from  a  kind 
of  common  stalk,  instead  of  from  the  whole  surface  of  the 
body.  Microgromia  (fig.  24)  resembles  Gromia  in  structure, 
but  forms  loose  colonies  by  the  root-like  union  of  the  pseiulo- 
podia  of  a  number  of  individuals.  It  lives  in  fresh  water,  and 
reproduces  itself  by  giving  exit  to  amoeboid  masses  of  proto¬ 
plasm,  each  of  which  develops  two  flagella,  thus  constituting 
free  locomotive  “swarm-spores.”  Euglypha  and  Diplophrys 
are  other  forms  allied  to  Gromia ,  the  former  having  an  inflex¬ 
ible  and  sculptured  test,  while  the  latter  has  two  oppositely- 

placed  apertures  in  the  shell,  in  place  of  a  single  terminal 
opening.  0 

CLASsmiCATiox  OF  the  Foraminifera.—' The  earlier  classifications  of 
e  foraminifera  were  based  chiefly  upon  the  form  of  lhe  shell,  and  were 
I  urely  artificial  More  recent  classifications  have  usually  been  based  upon 
ie  peiforate  or  “imperforate”  character  of  the  shell  as  a  primary  dis- 
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tinction.  By  Mr  Ilenry  1!.  Brady,  the  minute  structure  of  the  test  has  been 
abandoned  as  an  exclusive  basis  for  the  subdivision  of  the  Foraminitera , 


and  it  will  be  sufficient  to  subjoin  here  a  table  of  the  families  into  which 
the  order  is  divided  by  this  eminent  authority . 


Order  Foraminifera  (Reticularia). 

Family  i.  Gromid.e.— Test  chitinous  ;  smooth  or  encrusted  with  for¬ 
eign  bodies;  with  a  pseudopodial  aperture  at  one  or  both  extremities. 

Ex _ Gromia,  Microsrromia,  Lieberkiihnici. 

Family-  Milioi W.-Test  imperforate;  normally  calcareous  and 
norcellanous  sometimes  encrusted  with  sand,  or,  under  certain  conditions, 
chitinous  or  ihcTous.  Ex.-Biloculina,  Peneroplis  (fig.  22,  d),  Or  bitches. 

Familvl  AstrorhiziD/E.  -  Test  composed  of  sand-grams  or  other 
foreign  bodies,  usually  more  or  less  united  into  a  coherent  test  by  a  cement- 
in,,  material.  Usuallv  the  test  is  monothalamous,  often  branched  radi¬ 
ate, Sometimes  partially  subdivided,  but  seldom  or  never  truly  septate. 

_ Astrorhiza  (fig.  21,  A),  Rhabdammma ,  Saccammma. 

Family  a  Lrruoi.iD.-E.— -Test  arenaceous,  usually  regular  m  contour; 
septationof  the  polythalamous  forms  often  imperfect ;  chambers  frequent  y 
labvrinthic  Ex.—Lituola ,  Trochammnta  (fig-  21,  B  and  C),  Endothy  a. 

FamUv\  '1' kxtu la r  1  n.E.  — Tests  of  the  larger  species  arenaceous 
widi  or  without  a  perforate  calcareous  basis ;  smaller  forms  hyaline  and 
perforated.  Chambers  arranged  in  two  or  more  alternating  series,  or 

spiral,  or  calcareous,  perforate,  polythala- 

^"sePmeJte  following  each  other  from  the  same  end  of  the  long  axis, 
moiis.  Segments  touow  Mg  Qr  jn  ,es  of  lhree;  more  or  less  embrac¬ 
ing*  A™e^  a  curved  slit’  at  the  end  or  margin  of  the  final  segment. 

EXFdmilylS.  LAGENID.-E.  -Test  calcareous,  finely  perforated  ;  either  mono- 
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thalamous,  or  consisting  of  a  number  of  chambers  joined  in  a  straight, 
curved,  spiral,  alternating,  or  (rarely)  branched  series.  Aperture  simple 
or  radiate,  terminal.  No  interseptal  skeleton  nor  canal-system.  Ex.  — 
Lagena,  Ncdosaria,  Cristellaria. 

Family  8.  Globigerinida;.— Test  free,  calcareous,  perforate;  cham¬ 
bers  few,  inflated,  arranged  spirally.  Aperture  single  or  multiple,  con¬ 
spicuous.  No  supplementary  skeleton  nor  canal-system.  Ex. _ Globi- 

gerina ,  Orbulitta. 

Family  9.  RotaliD/E.— Test  calcareous,  perforate;  free  or  adherent. 
Typically  spiral  and  rotaliform  — i.e. ,  coiled  in  such  a  manner  that  the 
whole  of  the  segments  are  visible  on  the  upper  surface,  those  of  the  last 
convolution  only  on  the  inferior  or  apertural  side.  Ex.—Rotalia  Dis- 
corbina.  ’ 

Family  10.  Nummuunid.-e.— Test  calcareous  and  finely  tubulated  ; 
typically  free,  polythalamous,  and  symmetrically  spiral.  Often  a  “sup¬ 
plemental  skeleton”  and  canal-system.  Ex.—Nummulina,  Polystomel/a 
Ftisulina,  Nonionina. 


Distribution  of  the  Foraminifera  in  Space. — A  com¬ 
paratively  small  number  of  the  Foraminifera ,  including  such 
types  as  Gromia  (some  species),  Licberkiihnia ,  Euglyfha ,  See., 
are  fresh-water  in  habit ;  but  by  far  the  larger  number  of  forms 
live  in  the  sea.  One  species  of  Gromia  is  terrestrial.  As 
regards  the  marine  forms,  many 
species  abound  in  shallow  water, 
and  may  be  obtained  by  dredg¬ 
ing,  by  searching  in  the  shelly 
sand  of  the  sea  -  shore,  or  by 
examining  submarine  bodies  of 
all  kinds  which  may  be  thrown 
up  on  shore  during  storms. 

A  small  number  of  types,  be¬ 
longing,  according  to  Mr  Henry 
Brady,  to  eight  or  nine  genera, 
are  pelagic  in  their  habits,  and 
“  pass  their  existence,  either  in 
part  or  entirely,  at  the  surface 
of  the  ocean  or  in  mid-water.” 

By  far  the  largest  number  of  .  _ o . . 

types,  however,  are  destitute  of  ((5nginal‘) 
swimming  or  floating  powers,  and  live  on  the  bottom  of  the 
sea.  1  hough  only  a  few  genera  have  pelagic  representatives, 
these  few  are  of  great  importance,  owing  to  the  extraordinary 
profusion  in  which  they  occur  individually.  The  principal 
pelagic  genus  is  Globigerina  (fig.  22,  b),  most  of  the  species  of 
which  live  in  the  open  sea,  though  one  species  seems  to  live 
al  ways  at  the  bottom.  The  shells  of  the  pelagic  Foraminifera, 
after  the  death  of  the  animal,  fall  to  the  bottom  of  the  sea 
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where  they  accumulate  to  form  (along  with  the  shells  of  the 
species  which  live  habitually  at  the  bottom)  great  deposits 
of  “  Foraminiferal  mud.”  Thus,  the  bottom  of  the  deep  sea 
is  covered  over  vast  areas  with  a  calcareous  mud  or  “ooze” 
formed  chiefly  of  the  shells  of  Foraminifera,  the  genus  Globiger- 
ina  (fig.  25)  playing  the  principal  part  in  the  formation  of  these 
deposits.  The  deep-sea  dredgings  of  late  years  have  further 
brought  to  light  a  great  number  of  forms  of  “arenaceous” 
Foraminifera  of  the  most  varied  and  interesting  nature. 

Distribution  of  Foraminifera  in  Time. — Remains  of 
Foraminifera  are  found  abundantly  in  all  the  great  stratified 
formations  except  the  very  oldest.  Leaving  out  of  sight  the 
problematical  body  to  which  the  name  of  Eozobn  has  been 
applied,  the  earliest  remains  of  Foraminifera  occur  in  the 
Ordovician  rocks.  In  the  later  Palaeozoic  rocks  extensive 
beds  of  limestone  are  often  largely,  or  almost  wholly,  made  up 
of  the  tests  of  Foraminifera.  Examples  of  these  “Foramini¬ 
feral  limestones  ”  are  th  e  u  Fusulina  limestones”  of  the  Car¬ 
boniferous  formations  of  Russia,  Armenia,  &c. ;  the  “  Endo- 
thyra  limestones  ”  of  the  same  formation  in  North  America; 
and  the  “  Saccammina  limestones  ”  of  the  Carboniferous  series 
of  Britain.  The  genus  Saccammina  is  particularly  interesting, 
as  it  not  only  occurs  in  rocks  as  old  as  the  Ordovician,  but 
Sars  has  found  vast  numbers  of  a  living  species  of  the  same  in 
the  North  Sea.  In  the  Secondary  rocks,  Foraminifera  occur 
in  great  abundance.  The  thick  and  widely-spread  foimation 
of  the  White  Chalk,  in  particular,  is  largely  composed  of  the 
shells  of  Globigerina  and  of  other  Foraminifera,  and  it  may 
therefore  be  regarded  as  an  ancient  representative  of  the 
“  Foraminiferal  Ooze  ”  of  modern  oceans.  Lastly,  in  the  1  er- 
tiary  rocks,  the  Foraminifera  attain  their  maximum  of  develop- 


Fig.  26. — Numinulina  larvigata.  Eocene. 


ment,  both  as  regards  the  size  and  the  number  of  the  forms 
which  characterise  them.  The  period  of  the  Middle  Eocene 
is  especially  distinguished  by  a  very  widely-spread  and  easily- 
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recognised  rock  known  as  the  Nummulitic  Limestone,  so  called 
rom  the  abundance  in  it  of  a  large  coin-shaped  Foraminifer 
termed  the  ftummuhte  (fig.  26).  The  Nummulitic  Limestone 
stretches  from  the  west  of  Europe  to  the  frontiers  of  China  • 
but  in  some  cases  in  place  of  Nummulina  proper,  it  contains’ 

Orbitoidc™  °f  a  dlfferent’  but  similarly-shaped,  form  termed 


CHAPTER  IV. 

radiolaria  and  heliozoa. 

2S  jV'  RA“°,LA?li— The  Radiolaria  may  be  defined  as 
Rhuopods  in  which  the  sarcode-body  consists  of  a  central  proto¬ 
plasmic  mass  (t or  of  several  such),  enclosed  in  a  more  or  less  porous 
membranous,  or  chitinous  capsule,  which  in  turn  is  surrounded  by 
an  envelope  of  sarcode.  The  pseudopodia  have  the  form  of  slender 
radiating  filaments,  which  rarely  anastomose  with  one  another. 
Usually  the  protoplasmic  body  secretes  a  radially-disposed  silice¬ 
ous  skeleton.  ATo  contractile  vesicle  is  present 

r-1lIhefPr°t0plaS,m  °i  the  b0dy  of  a  Miolarian  consists  typi- 
cally  of  a  central  and  a  peripheral  portion,  of  which  the  former 

a  Porous’  membranous,  or  chitinous  capsule, 
lie  the  latter  is  surrounded  by  a  gelatinous  investment.  The 

morp'CnrPSlU  ari$arC<?de  13  °ften  bri§htly  coloured,  and  is  usually 
or  less  largely  vacuolated.  From  its  outer  surface  are 

doX  IZ*  ^  ^  fdamentous>  mdiately-disposed  pseudo¬ 
podia  (fig.  27),  and  within  it  are  contained,  as  a  rule,  more  or 

conStentTeTUS  "UC- tated  Cfls’  which  have  yellow  protoplasmic 
contents  along  with  starch  granules,  and  which  have  been 

commonly  spoken  of  as  “yellow  cells.”  These  singular  struc- 

tures  are  known  to  be  really  parasitic  Algce.  The  intra-cap- 

InarCOde  contains  a  smSle  nucleus  or  several  small  nuclei, 
but  there  is  no  contractile  vesicle.  Skeletal  structures,  in  the 
torm  of  spicular,  radiating  spines,  or  fenestrated  shells,  maybe 
eve  ope  in  either  the  extra-capsular  or  the  intra-capsular 
sarcode,  or  in  both.  These  skeletal  structures  may  be  want- 
in0 ;  nit,  w  len  present,  they  are  almost  always  siliceous, 
rarely  horny,  never  calcareous.  The  animal  is  usually  simple, 
varying  111  size  from  to  inch,  or  rarely  more,  but  in 
otner  cases  {Collozoum)  colonies  are  formed,  which  may  reach 
two  inches  in  diameter. 
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Reproduction  is  often  by  fission  ;  but  in  other  cases  the  intra- 
capsular  sarcode  breaks  up  into  minute  germs  or  zoospores, 
each  of  which  possess  a  nucleus  and  a  flagellum. 


Fig  Eucecryphalus  Schnitzel,  with  the  pseudopodia 


The  following  are  the  more  important  groups  ot  the  Radio- 
7T Family  AcANTHOMETRiNA.-The  Acanthovw ^ (fig.  28,  a) 

are  all  minute,  and  are  found  floatin 


g  near  the  surface  in  the 


>  . . l/iticeolata  :  b  Haliomma  hexacanthum ,  one  of  the 

F lg-  ^'pjlyfystiuu,  showing  the  radiating  pseudopodia.  (After  Muller.) 

oi.en  ocean,  sometimes  in  great  numbers  They  consist  of 
s  trcode-bodies,  which  are  supported  by  a  framework  ot  radiat- 
smceous,  or  horny  spines,  the  extremities  of  which  usually 
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project  considerably  beyond  the  body.  The  siliceous  spines 
are  hollow,  being  grooved  at  the  base  by  a  gutter,  which  is 
continued  further  up  the  spine  by  a  canal  terminating  at  the 
apex  of  the  spine  by  a  distinct  aperture.  The  spines,  in  con¬ 
sequence  of  this  structure,  are  able  to  serve  for  the  trans¬ 
mission  of  the  pseudopodia,  which  gain  the  exterior  by  running 
through  the  canals  and  escaping  at  their  apices.  Many  of 

the  pseudopodia,  however,  do  not  occupy  the  canals  of  the 
spines. 

II.  Fam.  Polycystina. — The  members  of  this  family  pos¬ 
sess  a  body  of  sarcode,  which  is  enclosed  in  a  foraminated 
siliceous  shell,  which  is  often  furnished  with  spine-like  pro¬ 
cesses,  and  is  usually  of  great  beauty  (figs.  27,  28,  20).  The 
sarcodic  substance  of  the  body  is  olive-brown  in  colour,  with 
yellow  gloQiiles,  and  often  does  not  entirely  fill  the  shell.  The 
pseudopodia  are  emitted  through  the  foramina  in  the  test  and 
aie  long,  ray-like  filaments,  which  display  a  slow  movement 

o  granules  along  their  borders.  A  nucleus  has  been  stated 
to  be  wanting. 

The  Polycystina  are  all  microscopic,  and  are  all  inhabitants 
o  the  sea,  having  a  very  wide  distribution.  They  likewise 
extend  to  great  depths;  and  one  of  the  numerous  facts  of  in¬ 


i'  Ig.  29-  Skeletons  of  Polycyst, na.  A,  Stylodictya  multispina  ;  11,  Podocyrtis  Schom- 
Ourg,,;  C,  Eucyrtidium  lagena.  (After  Haeckel.) 


te rest  brought  to  light  by  the  researches  of  the  Challenger 
expedition,  under  Sir  Wyville  Thomson,  has  been  that  large 
aieas  of  the  sea-bottom,  up  to  the  enormous  depth  of  4500 
fathoms,  are  formed  by  an  “  ooze  ”  composed  of  the  siliceous 
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cases  of  Polycystina  and  other  Radiolarians.  Similar  deposits 
of  Tertiary  age  are  known  as  occurring  in  the  crust  of  the 
earth  in  various  regions.  One  of  the  best  known  of  these  is 
the  “  Barbadoes  Earth,”  which  is  almost  wholly  composed  of 
the  delicate  flinty  shells  of  the  Polycystina.  The  remains  of 
Polycystina  have  also  now  been  detected  in  rocks  as  old  as 

the  Jurassic  formation.  .... 

HI.  Fam.  Collozoa. — In  this  family  the  organism  is  usually 
compound,  though  occasionally  simple.  A  skeleton  may  be 
wholly  wanting  (as  in  the  composite  Collozoum ),  or  may  exist 
in  the  form  of  spicules  or  of  a  foraminated  shell.  The  simple 
types  always  possess  a  mere  spicular  skeleton,  and  the  same 
is  true  in  such  forms  as  Sphcerozoum  (fig.  30,  b ).  On  the  other 


spicules,  and  radiating  pseudopodia. 


hand,  in  such  forms  as  Collospluera  (fig.  30,  a)  there  is  a 
spheroidal  fenestrated  test,  the  skeleton  thus  approximating 
in  character  to  that  of  the  Polycystina.  The  members  of  this 
family  sometimes  attain  a  considerable  size,  and  are  found 
floating  near  the  surface  in  most  seas. 

IV.  Fam.  Thalassicollida. — This  family,  as  now  restricted, 
comprises  floating  marine  organisms,  which  are  in  many  re¬ 
spects  closely  allied  to  the  preceding,  but  in  which  the  mtra- 
capsular  sarcode  contains  a  complex  nucleus.  1  he  ske  e  on 
may  be  wanting  (as  in  Thalassicolla  and  Thalassolampe),  or  it 
may  be  present  in  the  form  ot  spicules  or  spines  developed  in 

the  extra-capsular  sarcode.  , 

Order  V.  Heliozoa. — The  Hehozoa  may  be  defined: 
Rhizopoda,  which  possess  a  contractile  vesicle ,  and  t ire  devoid '  of 
a  central  capsule.  The  body  is  naked ,  or  is  provided  with  skeletal 
structures  of  a  variable  nature ,  but  sometimes  siliceous  The 
pseudopodia  stand  out  like  rays ,  but  may  anastomose  with  one 

another. 
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r^n.  .^e'r  ra  diant  pseudopodia  and  in  the  occasional  presence 
of  siliceous  spicules,  the  Heliozoa  are  allied  to  the  typical 
kadiolarians ;  but  in  the  absence  of  a  central  capsule  and  the 
presence  of  a  contractile  vesicle,  they  approximate  to  the 
Amabea.  They  must  therefore  be  regarded  as  an  inosculating 
group,  related  on  the  one  hand  to  the  Amcebca,  and  on  the 
other  to  the  Radiolaria. 

All  the  Heliozoa  are  inhabitants  of  fresh  water,  and  we  may 
se  ect  as  a  type  the  common  “  Sun-animalcule  ”  (Actiuophrys 
sol),  in  which  no  hard  structures  are  developed.  In  this 
animalcule  (fig.  31),  the  body  consists  of  a  spherical  mass 


*  .  J 1  ■  Actiuophrys  sol,  magnified  500  diameters 

ing  sphere  on  one  side  is  the  contractile  vesicle 


vacuoles;  the  shaded  spherules  belong  to  Alga  taken  as  food 


(After  I  eidy).  The  large  project- 
while  the  smaller  light  spaces  are 


o  saicode,  about  of  an  inch  in  diameter,  and  usually 

covered  with  long  radiating,  filamentous  pseudopodia,  which 
are  much  less  mobile  than  in  the  case  of  the  Amoeba.  The 
division  of  the  substance  of  the  body  into  ectosarc  and  endo- 
sarc  is  tolerably  evident,  and  the  latter  contains  numerous 
granules  and  vacuoles.  The  pseudopodia  are  derived  from 
the  ectosarc  alone,  the  endosarc  not  passing  into  them,  and 
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they  exhibit  a  circulation  of  granules  along  their  edges,  thoug  1 
this  is  not  nearly  so  marked  a  feature  as  in  the  case  ol  the 
Foraminifera.  A  nucleus  and  contractile  vesicle  are  also 
present,  the  former  being  of  very  large  size,  while  the  latter 
projects  beyond  the  general  surface.  Several  individuals  often 
become  fused  together,  with  a  complete  amalgamation  ot  their 
bodies,  the  nuclei  alone  remaining  distinct ;  and  the  individ¬ 
uals  thus  united  may  become  again  separate. 

Actmophrys  occurs  in  both  fresh  and  salt  water.  Actino- 
sphcerium  is  in  many  respects  like  Actinophrys,  but  each  of  the 
pseudopodia  is  supported  upon  a  strong  albuminous  spine ; 
and  the  sarcode  of  the  body  is  vesicular  or  “  alveolar,  while 
numerous  nuclei  exist  in  the  central  sarcode.  In  Heterophrys 
(fig.  32),  there  is  a  globular  body,  the  ectosarc  of  which  is  sur¬ 


rounded  by  a  kind  of  external  investment  or  excretion  which 
•iDDears  to  be  of  a  protoplasmic  nature,  but  takes  no  part  in  the 
production  of  the  pseudopodia.  The  latter  are  long,  granular, 
and  unbranched,  and  amongst  them  are  long  spine-like  pro¬ 
cesses  of  firm  sarcode,  which  have  been  regarded  as  ot  a 
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‘nous  nature.  Acanthocystis  is,  like  the  preceding,  a  fresh-water 
form  but  it  possesses  long  radiating  siliceous  spines;  while 
Clathrulina  has  the  body  enclosed  in  a  regular  fenestrated 
siliceous  test,  which  is  supported  upon  a  siliceous  peduncle. 


CHAPTER  V. 
INFUSORIA. 


1  he  name  ot  Infusoria  has  been  given  to  the  members  of  this 
class  of  the  Protozoa  because  of  their  common  occurrence  in 
organic  infusions ’’—that  is,  in  water  in  which  some  organic 
substance  has  been  boiled.  In  point  of  fact,  the  Infusorian  ani¬ 
malcules  are  found  in  all  collections  of  fresh  or  salt  water  pro¬ 
vided  only  that  organic  matter  is  also  present.  Very  many  of 
them  have  the  power  of  surviving  desiccation,  under  which 
circumstances  they  pass  into  a  dormant  state.  In  this  serni- 
torpid  encysted  condition,  or  as  spores  or  germs,  they  may  be 
taken  up  into  the  atmosphere,  forming  one  of  the  elements  of 
atmospheric  dust,  and  being  thus  capable  of  transportation  to 
long  distances..  “Essentially  dependent  on  a  liquid  medium 
lor  the  exhibition  of  their  vital  functions,  there  is  practically 
—the  simple  conditions  of  air  and  moisture  being  granted 
them— no  hunt  to  the  area  of  their  distribution”  (Saville 
Kent).  V  ith  their  almost  universal  distribution,  their  very 
minute  size,  and  their  power  of  remaining  for  long  periods  in 
a  condition  of  suspended  vitality  when  dried  up,  it  is  no 
wonder  that  they  should  appear,  as  it  were,  “spontaneously” 
in  organic  fluids  when  these  are  placed  under  suitable  condi¬ 
tions.  On  the  other  hand,  owing  to  the  soft  nature  of  their 
bodies,  the  history  of  the  Infusorian  animalcules  in  past  time  is 
a  most  a  complete  blank.  The  so-called  “fossil  Infusoria”  of  the 
older  writers  belong  to  other  groups  of  the  Protozoa  (chiefly 
to  the  Radiol  ana).  The  only  traces  of  the  past  existence  of 
the  Infusoria  which  have  been  hitherto  detected,  are  certain 
microscopic  bodies  which  occur  in  the  flints  of  the  chalk  for¬ 
mation,  and  which  Ehrenberg  considered  to  be  the  protective 
cases  of  Peridinium  and  allied  forms  of  Flagellate  Infusoria. 

1  lie  Infusoria  may  be  defined  as  Protozoa  which  arc  typically 
provided  with  a  mouth  and  rudimentary  digestive  cavity,  which 
do  not  possess  the  power  of  emitting  pseudopodia,  but  which  arc 
fin  nished  with  inbratile  cilia,  or  with  contractile  filaments.  They 
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arc  mostly  microscopic  in  size,  the  sarcode  is  differentiated  into  an 
ectosarc  and  an  endosarc,  and  a  nucleus  and  contractile  vesicle  aie 
Present. 

The  Infusorian  animalcules  are  essentially  unicellular,  but 
they  may  form  colonies,  in  which  the  separate  units  remain 
distinctly  recognisable.  The  outer  layer  of  the  body  is  usua  y 
differentiated  as  a  distinct  membrane,  sometimes  thickened 
into  a  kind  of  test  (as  in  Peridinium  and  Ceratuun,  fig.  33,  ))> 


n 


Bursarid  t rttncatelhi, 


.  33. — Ciliated,  Cnio-flagellate  and  C  7^- 

enlarged  5°  »'»«•  I!>  D  Ceritimn  tripos,  enlarged  25°  ‘imes.  wl.th  lts 

fas*: 


and  it  carries  vibrating  cilia,  laslvlilte  “flagella,”  or  contractile 
tentacles  In  no  case  can  pseudopodia  be  protruded.  e 
sarcode  of  the  body  is  typically  differentiated  into  a  firm  outer 
layer  (ectoplasm)  and  a  more  fluid  central  portion  (endoplasm) 
-uid  the  former  contains  a  nucleus  and  one  or  more  contractile 

vesicles. 

face^'or'sunk  in  its  substance,  or  not  actually  in  contact  with 
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it,  is  usually  a  smaller  body  known  as  the  “nucleolus”  or 

paranucleus.  ’  The  contractile  vesicles  (fig.  33,  A  resemble 
m  general  structure  the  organs  so 
named  in  the  Rhizopods;  but  they 
sometimes  appear  to  be  connected 
with  radiating  canals,  and  may  com¬ 
municate  with  the  exterior.  The 
outei  layer  ot  the  body  may  or  may 
not  be  perforated  by  a  permanent 
oral  opening  (fig.  33,  0),  and  an  anal 
aperture  is  also  commonly  present. 

From  the  common  possession  of 
a  mouth,  the  Infusoria  have  been 
spoken  of  as  the  “  stomatode  ”  Pro¬ 
tozoa;  but  a  mouth  is  absent  in  many 
forms  (such  as  the  parasitic  Ofa/ina, 
many  Flagellate  Infusoria ,  &c.).  Re¬ 
production  is  asexual,  and  is  effected 
y  Se,nmation,  or,  more  commonly, 
by  fission  with  or  without  precedent 
conjugation. 

I  he  Infusoria  may  be  divided  into 
four  orders— viz.,  the  Ciliaia,  Suc- 
tona  F/ageliafa,  and  Cilio-fiagellata, 
of  which  the  first  comprises  the  ma¬ 
jority  of  the  members  of  the  class. 

I.  Order  Ciliata.  — This  order 
comprises  those  Infusoria  in  which 
the  outer  layer  of  the  body  is  more  or 

less  abundantly  furnished  with  vib ra¬ 
ttle  cilia,  which  serve  either  for  loco¬ 
motion  or  for  the  procuring  of  food. 

Besides  aha,  properly  so  called,  some 
of  the  ciliated  Infusoria  are  provided 
with  styles  or  jointed  bristles,  which 
are  movable,  and  subserve  locomo¬ 
tion ;  whilst  others  have  little  hooks 
or  uncim,  with  which  they  can  attach 
themselves  to  foreign  bodies.  As 
t)  pcs  of  the  order,  Paramoecium  and 
Vortuella  may  be  selected,  the  former 
icing  free,  whilst  the  latter  is  per¬ 
manently  fixed  in  its  adult  condition. 

Paramcecium  (figs.  34  and  33)  Js 
a  slipper  -  shaped  animalcule,  com- 


34 • — ParumccciuHi)  viewed 
dorsally,  and  greatly  magnified. 
m  Mouth  ;  ///  to  g  Gullet  :  a 
Anus  ;  cv  and  cv  The  contractile 
vesicles;  I,  II.  Ill,  Canals  pro¬ 
ceeding  from  the  anterior  con¬ 
tractile  vesicle;  n  Nucleus;  v 
Large  cilia  bounding  the  depres¬ 
sion  (“  vestibule ”)  leading  to  the 
mouth.  I'he  arrows  indicate  the 
course  in  which  the  particles  of 
food  circulate  in  the  semi-fluid 
protoplasm  of  the  interior  of  the 
body.  (After  James-Clark.) 
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posed  externally  of  a  structureless  transparent  pellicle  — the 
“  cuticle  ’’—which  is  lined  by  a  layer  of  firm  and  consistent 
sarcode  (ectoplasm),  which  has  been  termed  the  '  cortical 
layer,”  this  in  turn  passing  into  a  central  mass  of  softer  am 
more  diffluent  sarcode  (endoplasm).  The  cuticle  is  merely 
the  structureless  hardened  external  lamina  ot  the  cortical 
layer,”  and  it  may  in  some  cases  form  a  regular  protective 
sheath  ( Vaginicola ),  a  horny  shell  (Codonella),  or  even  a  retic¬ 
ulated  siliceous  envelope  (as  in  Dictyocysta).  Beneath  the 
“cuticle”  is  the  layer  from  which  the  cilia  are  given  ott,  anc 
below  that,  again,  is  a  finely  striated  or  fibrillated  contractile 
layer  (“  myophane  layer”  of  Haeckel),  which  corresponds 
physiologically  to  the  muscles  of  higher  animals.  In  some 
Infusorians  (as  in  Paramceciwn  itself)  there  is  a  still  mor 
internal  lamina  of  the  “  cortical  layer  which  13  charged  with 
the  singular  little  organs  known  as  trichocysts.  I  liese  are 
vesicular  microscopic  bodies,  capable  of 

filaments,  in  many  respects  closely  resembling  the  thread 
cells  ”  of  the  Cos  lent er at  a. 

The  “cuticle”  in  Parametrium  is  covered  with  numerous 
rows  of  vibratile  cilia  (figs.  34  and  35).  and  is  perforated  by 


,  ,  e  tup  mouth.  The  mouth  leads  into  a  funnel- 

l  il  ape'  ni  .  continued  into  a  distinct  digestive 

cemrfl  “are  placed  the  »  nucleus  *  and  the  “  contractile 
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vesides  L  a  ,°r  Paranucleus.”  The  contractile 
at  intervals  ear.spaces  »'h,ch  dilate  and  contract 

0Utline-  The>’  sontednres  Xw  frregS 
tW  S  S  passin§  lnt0  the  surrounding  protoplasm  and 
they  appear  to  sometimes  communicate  with  the  exterior 

lhjy  X  T,  “*«%  regarded  as  corresponding  wfth The 

Rogers)  and  a,T°US  °f  “*  h«her  animals  (sfch  as  rile 
__r  t  /!  •  a  beinS  excretory  in  function.  Besides  flip 

contractile  vesicles  there  are  also  more  or  less  numerous  non 

food  t,  VaCU°lef’  0ften  ^rrounding  particles  of  invested 
foo  .  These  perform  a  slow  circulation  along  with  the  semi 
fluid  endoplasm  in  which  they  are  contained  Vi  , 
regarded  these  vacuoles  as  so  many  stomachs  and  •  ren  eF& 
t  ns  belief  that  he  gave  the  name  of  “  Polygastric  Animalcules  ” 

&rtnCa)  t0  the  InPus°rians.  pJL^obt^nl  ts 
ood  by  means  of  the  currents  of  water  which  are  set  up  bv  the 
b rating  cilia,  and  which  sweep  floating  particles  of  all  kinds 
from  the  surrounding  water  into  the  buccal  funnef  Tndi 
gestible  and  faecal  matters  are  discharged  hv  an  1  '  *ndl* 
situated  towards  the  hinder  endTKody  apert“re 

Reproduction  in  Paramceciwn  is  effected  either  hv  i 

Sininle  Z ^  conjugatioTf  «  v„  ini  S / 

simple  fission  is  always  transverse  ffio-  m  fi  i  j  , 
commg  grooved  across  its  middle,  and  ultimate  y  divulintt 
t '  S1.milf  Portions.  It  was  for  long  believed  that  Sl  l 

ZZn  T?  l‘tSe,f  a'S0  by  l°ng'tu<linal  fission ;  but  k7now 
,,  j1;  thls  apparent  longitudinal  division  (fig.  35  c)  is 

!n  rtis  proce  s  twoTa"0n  °-f  indePend<™  Urinals 

porar^aml11"1  During  andUsequen^ 

e n lTrTesaia1n !^f ^h  a  1 1° f ’  the  nucleus  “d  paranucleus  of  each 
the  nuclei  an  assumes  a  striated  appearance.  Both 

some  of  wh,ch  ultimately  divide  into  smaller  bodies, 

others  are  r^a  i  f  PtPef  °r  are  eJected  {rom  the  body,  while 
j  ctamed  to  form  new  nuclei  and  paranuclei  TIk» 

f  ldra„TlJUSt,  deSTed  orig‘l'al|y  beled  Indicate 

sexua  reproduction,  in  which  the  nuclei  played  the 
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part  of  ovaries,  and  the  paranuclei  of  testes ;  but  it  is  clear 
that  this  is  an  erroneous  view  of  the  process.  Upon  the 
whole,  it  would  seem  rather  that  the  process  is  one  in  which 
the  nucleus  undergoes  regeneration  by  portions  ol  the  para¬ 
nucleus,  and  that  its  result  is  that  each  of  the  conjugating 
individuals  undergoes  repeated  fission  subsequent  to  their 
separation  from  each  other. 


Vorticella 
monly  found 


(fi<r  -6  C)  is  a  beautiful  flower-like  Infusorian  which  is  com- 
jn  fresh  water,  adhering  to  the  steins  of  aquatic  plants.  It 


cilia. 


times  tilled  the  “stem-rnttscle.”  The :  edje^f  the  bed  otjyf,  » 

.pw.  ^ssrs; 

nient  of  the  digestive  can.  .  or  H  vestibulum”  into  a  fusiform 

mouth,  which  conducts  y  ‘  abruptly  in  the  central  endoplasm. 

"rTi 

alimentary  canal,  and  enter  the  soft  endosarc  tol"y%sS,eTb“al“nal 

aperluie  ulnc  Vorticella  is  composed  of  an  outer  ‘cuticle,  a 

SS«do“pl»m.  J  an  intermediate ••cottical  layer/'  which  contains 
a  contractile  vesicle  and  a  band-like  nucleus. 
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T  ^Pr“^uct'°J1  111  Vorhcella  may  take  place  by  fission,  or  by  gemmation, 
n  the  first  of  these  modes,  the  calyx,  having  previously  passed  into  a  con¬ 
tracted  and  quiescent  condition,  becomes  indented  in  a  longitudinal  direc- 
tion— viz.,  from  the  pedicle  to  the  disc;  and  the  groove  thus  formed  be¬ 
comes  gradually  deeper  until  the  calyx  is  finally  divided  into  two  halves 
supported  upon  the  same  pedicle.  On  one  of 'these  cups  a  “posterior” 
circlet  of  cilia  is  then  formed,  in  addition  to  the  “anterior”  circlet  already 
existing  ( i.e .,  a  fringe  of  cilia  is  developed  round  that  end  of  the  calyx 
which  is  nearest  the  attachment  of  the  pedicle  and  furthest  from  the  disc). 

.  e  cup  (hg.  36,  D),  thus  furnished  with  a  circlet  of  cilia  at  both  extremi¬ 
ties,  is  then  detached,  and  swims  about  freely.  Finally,  having  found  a 
suitable  resting-place,  the  new  calyx  fixes  itself  by  its  posterior  extremity, 
e\  elops  a  stalk,  and  loses  its  temporary  hinder  ring  of  cilia,  thus  becoming 
converted  into  a  sedentary  individual.  & 

In  the  process  of  gemmation,  a  bud  is  thrown  out  from  the  hinder  extremity 
o  ie  calyx  of  a  normal  stalked  Vorticella,  which  ultimately  forms  a  small 
free  calyx,  furnished  with  a  hinder  circlet  of  cilia,  just  as  is  seen  in  the 
hssiparous  process  of  development.  The  locomotive  bud  thus  produced 
cttaches  itself  to  an  ordinary  stalked  calyx  belonging  to  another  individual, 
and  becomes  fused  therewith;  the  process  being  followed  by  encystation. 

fie  result  of  this  conjugation  and  subsequent  quiescence  is  the  active  sub¬ 
division  of  the  now  rejuvenated  calyx. 

Closely  allied  to  7  orticella,  and  like  it  represented  by  many  species,  both 
in  fresh  and  salt  water,  is  the  genus  Epistylis,  in  which  the  organism  forms 
a  tree- like  colony  of  numerous  ciliated  calyces  attached  to  a  rigid,  non-con- 
tractile,  branched  stem. 

Carchesium  is  another  form  which  is  like  Epistylis  in  consisting  of  a  num¬ 
ber  of  calyces  supported  upon  a  branched  pedicle,  but  differs  from  Epistylis 
and  agrees  with  Vorhcella  in  the  fact  that  the  pedicle  is  contractile 
f„“\°7he  t>'umPet-animalcule  (fig.  36,  A),  is  another  common  In- 
fusonan  which  is  closely  related  to  Vorticella.  It  consists  of  a  trumpet- 

and  ?1  .  1  X’  de,V0!r  °f  a  Pedlde-  but  possessing  the  power  of  attaching 

and  detaching  itself  at  will.  When  detached  it  swims  by  means  of  the 

its  Z  ''T  v  ClIla;  '}W,c  aS  the  cal>'x  of  Varicella  will  Tf  broken  from 
its  stalk.  In  Vagi ni co la  (fig,  36,  B)  the  essential  structure  is  much  the 

caseY^r"  V°rtu?,la’  b“|  the  bpdy  is  protected  by  a  membranous  or  horny 

rntfrL  o  ?PaCfi  •  °r,  ■  ?nca  )>  whlch  is  formed  by  a  hardening  of  the 
cuticle,  and  within  which  the  animal  can  retire. 


II.  Order  Suctoria. — 1 This  order  includes  a  series  of  In- 
Puoritt  of  a  very  anomalous  nature.  In  Acmeta  or  in  Podo- 
phrya  (hg.  37,  A),  which  may  be  taken  as  types,  the  body  is 
provided  with  a  number  of  radiating  filamentous  tubes,  which 
are  furnished  at  their  extremities  with  suctorial  discs,  and  are 
capable  both  of  exsertion  and  retraction.  These  retractile 
tubes  seize  the  prey  and  usually  also  serve  as  vehicles  for  the 
ingestion  of  food  :  hence  the  term  of  “  polystome,”  or  many- 
mouthed  Infusorians,  has  been  proposed  for  the  order  by 

ro  essor  Greene.  A  nucleus  and  one  or  more  contractile 
vesic  es  are  present,  but  there  are  no  cilia  in  the  adult  condi¬ 
tion,  and  the  body  is  fixed  to  some  foreign  object  by  a  stalk- 
like  extension  of  the  cortical  layer. 

III.  Order  Flagellata. — This  order  comprises  those  In- 
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fusoria  in  which  the  body  is  provided  with  one  or  more  long 
whip-like  filaments  or  “flagella,”  the  movements  of  which 
create  currents  in  the  surrounding  water,  and  thus  bring  food 


Fitr  ’7  -Suctorial  Flagellate,  and  CiUo-flagellate  Infusoria.  A,  l'odophryn  :  B,  Lerco- 
t  lg.  .,7-  suctorial,  ,  neelccta  '  1>,  Euglena  sanguine, i  ;  h,  Codosiga  pul- 

inonas  truncata  ,  e,  in  aims  negiccm,  ‘  ;  "  *  *  ,  /-  Klntrellum  ■ 

chcrrima  ;  F,  Astasia  trichofihora  ;  (.,  Heteromast,. i  fiotoformu.  J  Flagellum  , 
»/  Collar  at  the  base  of  the  flagellum  ;  c  Contractile  vesicle  ,  «  Nucleus,  c  Lye 
spot.  (After  Pritchard,  Ehrenberg,  and  James-CIark.) 


to  the  animal.  In  the  free  forms,  the  flagella  serve  likewise 
as  locomotive  organs.  In  the  typical  Flagellata  the  geneia 
structure  of  the  body  resembles  that  of  the  Ciliated  Infu¬ 
sorians— a  cuticle,  ectoplasm,  and  soft  endoplasm  being  recog¬ 
nisable,  while  a  nucleus  and  one  or  more  contractile  vesicles 


are  present.  „  ,  . 

The  precise  limits  of  the  order  Flagellata  cannot  at  present 

be  accurately  laid  down;  as  there  are  many  organisms  (such 
as  the  Monads,  the  Volvocidce ,  Euglena ,  Arc.)  which  occupy  a 
somewhat  doubtful  position,  resembling  animals  in  certain 
characters,  while  in  others  they  approach  the  plants.  he 
most  typical  group  of  the  order  is  that  of  the  Collar-beanng 
Flagellata  (Clwano -flagellata  of  Saville  Kent),  comprising 
minute  Infusorians,  in  which  the  base  of  the  flagellum  is  sur¬ 
rounded  by  a  cup-like  or  cylindrical  membranous  collar 
which  can  be  retracted  at  will  (fig-  33,  E  ,  and  *l=-o  /  >  ■)• 

The  disc-like  space  of  protoplasm  at  the  base  of  the  collar 
is  soft,  and  serves  for  the  inception  ot  food,  particles  of  which 
are  brought  into  the  collar  by  the  currents  m  the  surrounding 
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watei,  which  are  set  up  by  the  lashing  movements  of  the  fla¬ 
gellum.  Some  of  these  collar-bearing  Monads  are  simple,  with 
the  body  naked  and  free,  or  attached  to  some  foreign  object 
by  a  short  stalk.  Others  form  composite  growths  or  colonies 
often  much  branched ;  and  in  many  cases,  again,  the  body  is 
not  naked,  but  is  protected  with  a  kind  of  shell  or  “lorica” 
he  collar-bearing  Flagellata  are  particularly  interesting  from 
the  close  structural  resemblance  which  they  bear  to  the  flagel¬ 
lated  cells  which  line  the  so-called  “ciliated  chambers  ”  of 
tne  Sponges. 


In  another  group  of  forms  now  referred  to  the  Flagellata 
(such  as  Astasia  and  Fuglena,  fig.  37,  D  and  F),  the  flagellum 
has  no  collar  at  its  base,  and  there  is  a  definite  oral  opening 
for  the  inception  of  food.  Many  of  these  types  possess  a 
singular  brightly- coloured  mass  of  pigment  in  the  interior  of 
the  body,  which  is  known  as  the  “eye-spot,”  and  may  possibly 
be  a  species  of  sense-organ.  Also  belonging  to  this  group  are 
the  curious  animalcules  which  form  the  genus  Noctiluca.  The 
common  Noctiluca  miliaris  reaches  a  length  of  as  much  as 
of  an  inch,  and  abounds  in  most  oceans,  being  one  of 
the  principal  sources  of  the  diffused  luminosity  of  the  sea 
In  yet  another  group  of  the  Flagellata,  comprising  the 
minute  microscopic  organisms  usually  known  as  “  Monads  ” 
37,  C),  the  flagellum  is  without  a  basal  collar,  and  food 
may  be  taken  in  at  any  part  of  the  surface,  no  definite  mouth 
Demg  present.  In  many  respects  the  Monads  closely  approach 
tie  unicellular  Alga,  and  they  have  often  been  regarded  as 
belonging  to  the  vegetable  kingdom. 

'  fi^"'  ^Alio-F lagellata. —  1  he  Infusoria  included 

in  this  order  are  very  closely  related  to  the  typical  Flagellata, 
from  which  they  differ  in  the  fact  that  cilia  are  developed  in 
at  dition  to  the  flagellum.  A  distinct  mouth  is  usually  present, 
and  there  is  no  collar  at  the  base  of  the  flagellum.  In  some 
cases  (Heteromastix,  fig.  37,  G)  there  are  two  flagella.  The 
cilia  usually  line  a  groove  in  the  integument,  often  having  the 
°f.  *  transverse  girdle  (fig.  33,  D) ;  but  they  are  some¬ 
times  diffused.  1  he  body  may  be  naked,  but  is  often  pro- 
ec  e  jy  a  soit  of  buckler  or  test  of  horn,  often  prolonged 
into  long  processes,  as  is  seen  in  Ceratium  (fig.  33,  D).  The 
Lilio-Flagellate  Infusorians  are  found  both  in  fresh  and  salt 
w  a  er,  an  the  genera  P cridimum  and  Ceratium  include  some 
of  the  most  common  and  characteristic  types. 
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CHAPTER  VI. 

PORIFERA. 

L  xder  the  name  of  Porifera  are  included  all  those  singular 
organisms  which  aie  commonly  known  as  Sponges.  Origin¬ 
ally  regarded  as  being  of  a  vegetable  nature,  the  Sponges  &are 
now  universally  admitted  to  be  animals ;  though  naturalists  are 
not  yet  in  absolute  agreement  as  to  the  precise  position  in  the 
animal  kingdom  which  ought  to  be  assigned  to  them.  Owin'* 
to  the  close  likeness  of  some  of  the  cell-elements  of  the 
Sponges  to  certain  of  the  Protozoa ,  the  entire  group  has  been 
often  referred  to  this  latter  sub-kingdom.  Thus,  some  of  the 
cells  of  a  sponge  are  morphologically  identical  with  the  Amoeba, 
while  others  present  the  closest  possible  resemblance  to  the 
Flagellated  Infusoria.  Hence,  a  sponge  has  often  been  re¬ 
garded  as  being  a  kind  of  colony,  the  units  of  which  are  mor¬ 
phologically  Protozoans.  Naturalists  are,  however,  now  agreed 
as  to  the  removal  of  the  Sponges  from  the  Protozoa  ;  and  they 
are  by  many  authorities  regarded  as  forming  the  lowest  division 
of  the  Zoophytes  ( Ccelenterata ).  Other  authorities  consider 
that  the  Sponges  represent  a  distinct  morphological  type,  in¬ 
termediate  between  the  Protozoa  and  the  Ccelenterata,  and  that 
tie}  aie,  thetefore,  entitled  to  take  rank  as  a  separate  sub- 
kingdom,  to  which  the  name  of  Porifera  has  been  given.  In 
the  present  state  of  our  knowledge,  this  view  seems  to  be  the 
one  which  is  attended  with  the  fewest  difficulties,  and  it  will, 
therefore,  be  followed  here. 

Hie  Sponges  may  be  defined  as  multicellular  organisms  of 
<  a>  table  shape,  the  cells  of  7 v/uch  arc  typically  disposed  to  form  an 
outer  membrane,  an  inner  membrane,  and  an  intermediate  stratum  ; 
and  which  are  traversed  by  canals,  which  open  on  the  surface,  and 
which  are  more  or  less  extensively  lined  by  flagellate  cells.  In¬ 
most  cases  the  cellular  aggregate  is  supported  by  a  framework  of 
horny  fibres,  or  of  flinty  or  calcareous  spicules.  A  definite  mouth 
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ii/id  stomach  arc  wanting,  and  a  nervous  system  is  not  known  with 

certainty  to  be  developed.  _ 

Regarded  from  a  general  point  of  view,  a  sponge  ditters  from 
the  Protozoa ,  and  agrees  with  all  the  higher  animals  {Metazoa) 
in  the  fact  that  the  body  is  multicellular,  being  composed 
of  numerous  protoplasmic  units,  which  have  been  tcirned 
“  sponge  -  particles  ”  or  “sarcoids,”  but  which  may  be  best 
spoken  of  simply  as  “sponge-cells.”  In  the  Sponges,  there¬ 
fore,  we  meet,  for  the  first  time,  with  definite  tissues,  though 
the  nature  of  these  is  simpler  and  less  complicated  than  is 
found  to  be  the  case  in  the  higher  animals.  The  entire  aggre¬ 
gate  of  cells  is  traversed  by  a  system  of  canals,  which  open  on 
the  surface  by  two  sets  of  apertures  (“pores”  and  “  oscula  ), 


Fig.  38. — A,  Axinclla  polypoidcs, 
Sycandra  cili&tci,  a  calcareous 
Schmidt.) 


a  fibrous  Sponge,  showing  oscula  and  pore 
Sponge,  showing  the  single  terminal  osculum. 


B, 


(After 


by  which  water  is  admitted  into  the  organism,  and  again 
expelled  from  it.  The  circulation  of  water  is  maintained 
by  flagellated  cells,  which  are  usually  disposed  in  the  mteuoi 
of  definite  dilatations  (“flagellated  chambers ’)  of  the  canals  ; 
and  it  is  by  means  of  these  that  the  organism  obtains  food,  and 
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carries  on  the  processes  of  respiration  and  excretion.  There 
is,  theiefore,  no  proper  mouth,  nor  is  there  a  definite  stomach, 
in  the  sense  in  which  the  higher  animals  can  be  said  to  possess 
this  stiucture.  As  a  rule,  lastly,  the  entire  cellular  aggregate 
is  strengthened  and  endowed  with  a  definite  form  by°the 
development  in  it  of  a  “skeleton”  of  variable  form  and 
composition. 

.  The  general  organisation  of  the  Sponges  being  as  above 
indicated,  it  is  next  necessary  to  consider  in  greater  detail  the 
separate  structures  which  compose  the  sponge  body,  and  the 
manner  in  which  these  are  arranged.  In  the  first  place,  as 
legal ds  the  soft  parts  (“sponge-flesh”),  those  sponges  which 
have  been  most  thoroughly  investigated  exhibit  a  threefold 
division  of  their  cells.  Certain  of  the  cells  form  an  external 
membranous  investment  (the  so-called  “ectoderm”)  to  the 
sponge ;  others  line  all  the  internal  canals  (constituting  what 
is  known  as  the  “  endoderm  ”) ;  while  others  occupy  all  the 
spaces  between  the  outer  membrane  on  the  one  hand,  and  the 
canal-system  on  the  other  hand  (forming  what  is  known  as  the 
“  mesoderm  ”). 


ment-S  s  of TJ  „  •Spon?es-  c  "  Amceboid  cell  of  Sfougilla  ;  b  Flattened  pave- 
/r  “  "f  thf.  ec‘oderm  of  a  Sponge  ;  c  Connective- tissue  cell  of  the  mesoderm  ; 
of  collar-bearing  cells  of  Sycon  rafihanus  ;  c  Sponge-flesh  of  the  cortex 

fa  seinisuberttes,  showing  connective-tissue  cells  and  intercellular  tissue  ; 
"ScjutYtze^and  Vosmaer. )°f  Cra'“e^“'  Greatly  magnified.  (After  Kdlliker,  Fr. 


^  The  Ktodcmi  covers  the  external  surface,  and  is  prolonged  into  the 
inhalant  canals.  It  is  composed  of  flattened,  polygonal,  nucleated 
epithelial  cells  (fig.  39,  /,)i  which  are  united  to  one  another  by  their  edges, 
e  inner  membrane  or  “endoderm  ”  is  also  composed  of  epithelial  cells, 
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the  form  and  characters  of  which  vary  in  different  sponges,  or  in  different 
parts  of  the  same  sponge.  The  most  characteristic  of  these  endodermal 
cells  are  oval  or  elongated  in  shape,  with  a  nucleus  and  one  or  two  con¬ 
tractile  vesicles,  and  having  attached  to  the  free  end  a  single  lash-like 
flagellum,  the  base  of  which  is  surrounded  by  a  delicate  membranous  fun¬ 
nel  or  “collar”  (fig.  39,  These  cells  play  an  important  part  in  the  life 
of  the  sponge,  and  will  be  spoken  of  later  in  dealing  with  the  so-called 
“  flagellated  chambers.” 

The  general  “sponge-flesh,”  comprising  the  substance  of  the  sponge 
between  the  outer  and  inner  epithelia,  is  made  up  of  gelatinous  connective- 
tissue  in  the  form  of  cells  embedded  in  a  more  or  less  copious  intercellular 
substance  (fig.  39,  e).  Many  of  the  cells  of  this  fundamental  tissue  are 
without  definite  walls,  and  have  the  power  of  throwing  out  pseudopodia, 
and  thus  of  changing  their  form  (fig.  39,  «  and  c),  presenting,  therefore  a 
close  resemblance  to  Amoeba  in  their  characters.  I  hese  amoeboid  cells 
often  change  their  place,  and  wander  from  one  part  of  the  sponge-flesh  o 
another  In  addition  to  these  are  found  fusiform  cells,  stellate  cells,  pig¬ 
ment  cells,  and  other  varieties  of  cellular  tissue.  Definite  nerve-cells  have 
not  vet  been  detected,  but  some  of  the  cells  become  modified  into  contrac¬ 
tile  fibres  (fig.  39,/),  which  appear  to  represent  the  muscles  of  the  higher 
animals. 


The  entire  aggregate  of  sponge-cells  is  so  arranged  as  to  be 
traversed  by  a  series  of  canals,  which  convey  water  in  and  out 
of  the  organism,  and  which  are  thus  connected  with  respiration 
and  the  procuring  of  food.  Looking  at  the  skeleton  of  a  dried 
sponge,  the  most  obvious  sign  of  the  existence  ot  this  ‘  aqui¬ 
ferous  system  ”  is  the  presence  of  one  or  more  large  superficial 
openings,  together  with  a  great  number  of  much  smaller  aper¬ 
tures  (fig.  38).  These  latter  are  termed  the  pores,  and 
though  permanently  present  in  the  skeleton,  they  are  only 
temporarily  present  in  the  soft  parts,  being  produced  afresh, 
when  required,  as  openings  between  the  sponge-cells  of  the 
ectodermal  layer.  The  “  pores  ”  (fig.  40,  A,  p)  open  directly, 
or  through  the  intervention  of  more  or  less  extensive  sub- 
dermal  cavities,  into  a  series  of  canals,  which  ramify  in  every 
direction  through  the  sponge,  and  which  are  called  inhalant 
canals,”  as  it  is  through  these  that  the  water  is  conveyed  to 
the  interior  of  the  sponge.  The  “  inhalant  canals  ultimately 
open  into  a  second  series  of  canals,  which  converge  to  form 
one  or  more  large  tubes  which  open  on  the  surface  by  a  cor¬ 
responding  number  of  large  openings.  I  hese  large  tubes  (fig. 
ao  A  e)  carry  the  water  out  of  the  organism  again,  and  they 
•ire  hence  called  “  exhalant  canals”;  while  their  surface-open¬ 
ings  are  known  as  the  “  oscula.”  The  “  oscula,”  though  cap¬ 
able  of  being  temporarily  closed,  are  permanent,  and  are  often 
iTced  on  chimney-like  elevations.  If  there  should  be  but  one 
osculum,  it  is  placed  at  the  apex  of  the  sponge  (fig.  3».  B  . 
while  the  pores  occupy  the  general  external  surface.  «  hat  is 
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commonly  called  a  “sponge”  may  consist  of  only  a  single 
excretory  opening  or  “  osculum,”  together  with  the  “pores” 
belonging  to  this  (fig.  38,  B) ;  or  it  may  consist  of  a  larger  or 
smaller  number  of  such  “  oscula,”  each  with  its  proper  com- 


Speonge1rwlSchhh^skerftiCal-SeCti°"  °f  th,e  °Uter  la>'er  of  "'lUsarai 

Schultze):  /,  ‘ ‘  Iw"  skelet?n  ‘s  wantl»g>  enlarged  75  times  (after  F.  Bl. 

to  the  flagellated  chambers  or  '-amni  (,afferent  cana,s  by  which  water  is  conducted 


plement  of  pores  (fig.  38,  A).  In  the  latter  case,  each 
scu  um,  with  its  accompanying  pores,  constitutes  a  “person,” 
and  the  entire  organism  is  known  as  a  “sponge-stock.” 

n  a  iving  sponge,  in  its  active  condition,  a  circulation  of 
"a  er  is  ept  up  throughout  the  organism  by  means  of  this 
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canal-system.  The  water  is  admitted  by  means  of  the  pores 
is  driven  into  the  interior  of  the  sponge,  and  is  filially  expelled 
in  steady  streams  from  the  osculum  or  oscula.  1  he  mechan¬ 
ism  by  which  this  circulation  of  water  is  effected  was  long  un¬ 
known.  It  is  now  known,  however,  that  the  circulation  of 
water  is  maintained  by  the  vibrations  of  the  flagella  with 
which  certain  of  the  sponge-cells  are  provided.  In  the  most 
typical  cases,  the  initial  branches  of  the  exhalant  cana,s  a 
dilated  into  globular  or  elongated  chambers  (fig.  4°,  A,  ? a), 
which  are  lined  with  flagellate  sponge-cells.  Each  of  these 
flagellate  cells  possesses  a  nucleus  and  one  or  two  contrac¬ 
tile  vesicles,  and  is  furnished  with  a  single  flagellum,  and  a 
basal  membranous  collar  (fig.  40,  C) ;  thus  coming  to  entire  y 
resemble  a  simple  Flagellate  Infusorian.  The  collar-bearing 
cells  are  so  disposed  within  these  “flagellated  chambers  (or 
“ciliated  chambers,”  as  they  are  sometimes  called),  that 
their  flagella  point  inwards  towards  the  centre  ot  the  chan - 
1  ber  (fig.  40,  B),  and  they  all  work  towards 

the  interior  of  the  sponge,  and  thus  supply 
the  motive-power  needed  for  keeping  up  the 
water-currents.  From  the  streams  oi  watei 
.  thus  kept  circulating  through  the  sponge 

the  organism  obtains  oxygen,  while  the  m- 
dividual  sponge-cells  appropriate  the  mm- 
''i particles  of  nutrient  matter  which  ma\ 
be  carried  in  the  water.  Waste  matters  are 
also  carried  off  by  the  outgoing  water-cur¬ 
rents.  By  many  authorities,  the  flagellated 
cells  are  regarded  as  being  the  ones  more 
especially  concerned  in  the  nutrition  of  the 
organism ;  but  this  view  is  rejected  by  others. 

The  above  is  the  typical  arrangement  ot 
the  canal-system  in  the  Sponges,  but  it  is 
subject  to  variations  in  different  groups  ot 
sponges.  The  simplest  type  ot  the  aquifer¬ 
ous  system  is  seen  in  certain  ot  the  Calci- 
spongice,  such  as  Ascetta  (fig.  41)-  ln  tll's 
form  the  organism  is  pear-shaped,  with 
a  thin  outer  wall  enclosing  a  large  cen¬ 
tral  cavity.  At  the  summit  of  the  sponge 
is  the  single  large  osculum,  and  the  whole 
of  the  outer  wall  is  pierced  by  innumer- 
......  able  pores.  There  is  no  proper  canal- 

svstem  or  but  a  rudimentary  expression  ot  such,  since  the 
simply  traverse  the  thin  enter  wall,  and  open  mto  the 


Fig.  4 1.-  A  sect t a  primor- 
Ti intis,  a  simple  calcar¬ 
eous  Sponge,  enlarged 
50  times.  (After  Haec¬ 
kel.) 
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large  central  cavity.  There  are  thus  no  proper  “flagellated 
chambers,  but  the  endoderm  lining  the  whole  central  cavity  is 
composed  of  flagellated  cells.  The  central  chamber  may  thus 
be  com paied  to  a  single  large  flagellated  chamber,  which  opens 
externally  by  the  apical  osculum. 

a  WV  fe'V  Sp,°nfeS  (the  Myxospongitz  of  Haeckel)  there  is  no 
skeleton  and  the  above  description  would,  therefore,  fully 
express  the  general  structure  of  the  organism.  In  the  vast 
majority  ot  sponges,  however,  the  soft  cellular  body  is  sup- 

whin?  b-Vnni0re  ,or  ]ess  extensively  developed  hard  structures, 
which  collectively  constitute  the  skeleton.  The  nature  of  the 

have  WnTleS  featly>  differrent  forms>  these  variations 
have  been  largely  made  use  of  in  the  identification  and  clas- 

has  Reform  n?  1  Spea,king  generally,  the  skeleton 

as  the  form  of  a  more  or  less  coherent  framework,  composed 

bodf  tl°  10["y  hbre?’  or  of  needles  of  mineral  matter,  or  of 

do  s  if  L  TwS  111  C,?n1lblnation-  The  different  modifica¬ 
tions  of  the  skeleton  will  be  more  particularly  spoken  of  in 

dentTo'i!?  ^  C1?erent  f0Ups  of  sponges.  It  will  be  suffi- 

fnnl  nf  ll  l-T  h,ere,  that’  apart  from  modifications  in  the 
fonn  of  the  skeletal  elements,  there  are  the  following  four 

principal  types  of  skeleton  among  the  Sponges  : _ 

1.  In  certain  sponges  (such  as  the  Common  Bath  Sponges) 
he  skeleton  is  wholly  composed  of  netted  horny  fibres,  Without 
proper  spicules  I  he  substance  composing  the  fibres  in 
such  types  is  allied  to  horn,  but  not  precisely  of  the  same 
nature,  and  it  is  known  as  “spongin’’  or  “keratode.” 

moWerfnrm???  °f  Sponges’  including  most  of  the  com- 

r  v  ls’  die  skeleton  is  more  or  less  extensively  composed 

ulefm W°TeneeC  CL°f ;Spicula’”  0f  various  forms-  These1  spic- 
skeletoW  nf  embedded  in  ™rious  ways  in  a  reticulated  fibrous 
skeleton  of  spongin  ;  or  the  horny  material  may  be  greatly 

flimy  needles  ^  SkeIet01vfibre  consists  essentially  of  minute 

homvWW  Wthlrd  froUp  of  sponges)  the  skeleton  is  destitute  of 
mTvL  fn  S  an?  C°nS1StS  wholIy  of  siliceous  spicules,  which 
or  mlv  hpS!d  Hi  T  pother  into  a  continuous  framework, 
rip.mpv  Tni°  1"ted°Cked  tkeir  ends  as  to  produce  practical 
nronpi-Wl-  a  °  1  f1IS  SrouP  and  the  preceding,  in  addition  to  the 
mirr  . e  on’  ,.lcre  are  developed  in  the  mesoderm  numerous 
microscopic  needles  of  flint,  which  are  known  as  “  flesh-spicules.” 

is  vthnllv  rW  ,  1Sra  grOUp  of  sPonges  in  Which  the  skeleton 
'  holly  made  up  of  spicules  of  carbonate  of  lime. 
ei  RODucnoN  and  Uevelopment. —  Reproduction  in  the 
])  nges  may  be  alfected  either  sexually  or  non-sexually.  In  the 

II 
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sexual  method  of  reproduction,  certain  of  the  cells  of  the  meso¬ 
derm  become  converted  into  ova,  while  the  spermatozoa  are 
developed  in  clusters  in  the  mesoderm.  The  actual  fertilisa¬ 
tion  of  the  ova  by  the  spermatozoa  has  not  yet  been  certainly  ob¬ 
served.  The  ova  are  usually  liberated  from  the  sponge  through 
the  medium  of  the  exhalant  canals.  In  the  asexual  method  of 
reproduction  groups  of  mesoderm-cells  become  segregated,  and 
surrounded  by  a  spiculated  capsule,  when  they  constitute  the 

so-called  “  gemmules.”  These  gennnules 
ultimately  are  liberated  from  the  parent 
sponge,  when  the  contained  sponge- 
cells  "escape  with  the  water  through  an 
opening  in  the  wall  of  the  capsule,  and 
become  developed  into  a  new  sponge. 

The  process  of  reproduction  by  means  of  “  gem- 
mules  ”  was  first  accurately  observed  in  the  fresh¬ 
water  sponges  ( Spongi llci),  but  it  occurs  in  many 
marine  types  as  well.  If  a  Spongilla.  be  exam¬ 
ined  in  winter,  its  deeper  portions  will  be  found 
filled  with  the  small  seed  -  like  “gemmules, 
each  of  which  possesses  a  small  aperture  or 
“hilum”  at  one  point  (fig.  42,  a).  Each  gem- 
mule  is  composed  of  an  outer  coriaceous  capsule 
surrounded  by  a  layer  of  peculiar  asteroid  spi- 
cula,  resembling  two  toothed  wheels  united  by 
an  axle,  and  termed  “  amphidiscs  ”  (fig.  42,  />,  <  ). 
These  amphidiscs  are  embedded  in  sarcode, 
whilst  their  inner  surfaces  rest  upon  the  tessel- 
ated  capsule  already  mentioned.  In  the  interior 
of  the  capsule  thus  formed  is  a  mass  of  cells, 
which,  on  the  coming  of  spring,  is  extruded 
through  the  hiliform  opening  of  the  capsule  into  the  water,  and  becomes 

d 6 As °re g a rdE  ° he ^devdopm e > it  of  the  sponges,  the  impregnated  ovum  (tig. 
4,  A)  cleaves,  by  the  usual  process  of  “segmentation,  into  a  mass  of 
primitive  cells.  In  the  most  usual  mode  of  development  the  embryonic 
cells  become  divided  into  two  distinct  groups  one  of  which  «  'mate  y 
forms  the  external  layer  (ectoderm),  whilst  the  other  forms  the  internal  layer 
(endoderm).  As  described  by  Metschnikoff  in  the  embryo  of  Sycon,  these 
OTOUPSof  cells  at  first  form  the  two  poles  of  the  larva  the  cells  of  the  endo¬ 
derm  being  flagellated  (fig.  43,  4  an(1  enabling  the  organism  to  swim 
act  vely  through  the  water,  whilst  the  cells  of  the  ectoderm  are  non-flagel- 
hteuL'  4  3  15,  b).  In  the  interior  of  the  embryo  is  a  central  cavity  (the 
latecl  pig.  4a,  T ..  *i,„  nf  growth.  the  flatrellated  endo- 


Fig.  42. — a  Gemmule  of  Spon- 
gilla;  h  Hilum ;  b  Diagram¬ 
matic  section  of  the  gem- 
mule,  showing  the  outer 
layer  of  amphidiscs  and  the 
inner  mass  of  cells;  c  One 
of  the  amphidiscs  seen  in 
profile. 


“segmentation  cavity”).  In  the  process  of  growth,  the  llagellated  endo 
dermal  cells  become  gradually  retracted  into  the  interior  of  the  laiva  t  ig 
q  an(j  tfi]  ttip  l,odv  becomes  completely  mvaginated  upon  itself 


the' "body  becomes  completely  invaginated  upon  itself 
7J’i7-c  -nmlition  (fie  43  E)  it  forms  what  Ilaeckel  terms  a  gastrula, 
In  this  co,;‘llt'°n.  cells>  an  outer  and  an  inner,  enclosing  a 

ceil t r a  1* "c a v it y  which  communicates  with  the  outer  water  by  a  single 
central  cavity,  nnerture  is  formed  by  the  invagination  of  the 

body ' 1  and°not  ’ “by  rupture  of  the  walls  of  the  central  cavity.  The  central 
cavil;  of  the  gastrula  is  not  the  primitive  “  segmentat.on-cav.ty,  this 
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having  been  obliterated  in  the  process  of  invagination,  but  it  is  an  entirely 
new  cavity.  In  its  further  development,  a  mesoderm  is  developed  between 
the  two  primitive  embryonic  layers,  and  in  this  the  primordial  spicules  of 
the  skeleton  are  produced.  The  embryo  next  fixes  itself  to  some  foreign 


Fig'th3e7D^rma!^Lei,t  .  A,  Ovum  in  the  act  of  being  impregnated  by 

e c t ode r mat  ceT? and  Crnbry?  of  showing  the  non-flagellated 

o u t"t he'ske^e t on£'S' t h e^fl '  ^  ell 'T'd'  "cf  bo^av“y  «■  whh- 

forfned 'by  V^todVm’.  a,1^et^ettpri7fdv7^enbig°imoetheWboc?y-cavity't(t’)n ha^  been 

?Non  fla Wat!on;  I’,  VT,lng  SyCOn~  six  day*  old,  showingythe  skeleton 

Haeckd  gB  7  DeF  anTp  V  C  “dodermal  cells.  (A  is  after 

laecKei ,  r.,  L,  L),  E,  and  I-  are  after  Rletschnikoff. 


walls  becom  n  r  ^  ]>°dy  at  which  th^  mouth  is  situated;  its 

T  Perforated  by  pores  ;  and  an  osculum  is  produced  at  its  free 

such  is  is  r  y°  ?°1V  becoming  converted  into  a  simple  type  of  sponge, 
such  as  is  represented  permanently  by  Asccttci  (fig.  41). 

ein^ASSIFICAT;°,N  °F  THE  Sponges— There  is,  perhaps,  no 
iffl  ,f°Up  °f  th.e  ammal  kingdom  in  which  it  has  proved  so 
1  ,cu  .  establish  a  natural  classification,  as  has  been  found 
,°  , JL*  .  le  case  w*ik  Ihe  Sponges.  Even  at  the  present  day 
icrc  is  no  extant  classification  which  can  be  regarded  as 
inai.  it  is,  however,  now  generally  admitted  that  the  Cal¬ 
careous  ponges  are  so  far  separated  from  all  the  other  groups 
0  spon£es  as  t0  Properly  constitute  a  distinct  class  of  sponges. 
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The  non  -  calcareous  sponges  may  be  grouped  together  in  a 
second  class  under  the  name  of  Plcthospongice,  proposed  foi 
them  by  Professor  Sollas.  As  regards  the  ordinal  divisions 
of  the  Plethospongice,  the  grouping  followed  by  Professor  Zittel 
may  be  adopted,  and  the  general  classification  of  the  Sponges 
is  thus  expressed  in  the  following  table : — 


Sub-kingdom  Porifera. 

Class  I.  Plethospongice  (Sollas). 

Order  i.  Myxospongle  ( Halisarca ). 

„  2.  Ceratospongice  (. Euspongia ). 

i,  3.  Monactinei.lidce  ( Halichondria ,  &c.) 

,,  4.  Tetractinellid.-e  ( Geodia ,  Tethya ,  &c.) 

„  3.  Lithistidce  ( Discodermia ,  &c.) 

„  6.  Hexactinellid/e  (. Holtenia ,  &c.) 

Class  II.  Calcispongice. 

Family  1.  Ascones  ( Ascctta ,  &c.) 

n  2.  Leucones  ( Leucandra ,  &c.) 

m  3.  Sycones  ( Grantia ). 

11  4.  Pharetrones  {Coiynella,  &c.) 

Class  I.  Plethospongice. 

The  Sponges  included  in  this  class  are  occasionally  destitute 
of  hard  structures,  but  the  great  majority  possess  a  skeleton, 
which  may  be  composed  of  horny  fibres  alone,  or  of  siliceous 
spicules  alone,  or  which  is  formed  by  a  combination  ol  these 
two  sets  of  structures.  In  no  case  is  the  skeleton  composed 

of  carbonate  of  lime.  . 

Order  i.  Myxospongice.— The  sponges  of  this  order  are 
characterised  by  the  total  absence  of  skeletal  structures,  lhe 
type-genus  is  Halisarca ,  comprising  soft  fleshy  sponges,  often 
brilliantly  coloured,  which  form  crusts  upon  submarine  objects. 

Order  2.  Ceratospongice. — In  this  group  of  sponges  the 
skeleton  is  composed  entirely  of  the  horny  substance^  known 
as  “spongin,”  no  proper  spicules  being  developed,  l  he  type 
of  this  group  is  the  common  Turkey  Sponge  ( Euspongia  officin¬ 
alis)  The  horny  fibre  of  the  skeleton  forms  a  close  reticula¬ 
tion  or  network  (fig.  44,  A),  and  can  be  shown  to  consist  of  a 
delicate  axial  thread  of  organic  matter  surrounded  by  a  lam¬ 
inated  sheath.  Though  there  are  no  true  spicules  m  the 
Ceratospongice ,  the  horny  fibre  very  generally  includes  numerous 
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sand-grains  or  other  foreign  bodies  in  its  interior  (fig.  44  BY 
these  being  taken  in  at  the  free  growing  ends  of  the  fibres, 
which  they  form  a  kind  of  core,  replacing  the  soft  organ 


A 


B 


C 


I) 


*  K25  sir 

Sponge)  D^brein  which’  heP/°JeC!"t  s,,I,ce0lls  sPicul<*  (“  Echinonematous  " 


axis  which  in  some  cases  is  alone  present.  All  the  Cerato- 
spongue  are  marine,  and  are  found  in  warm  seas.  The  true 
iurkey  Sponge  {Euspongia  officinalis)  is  found  in  the  Medi¬ 
terranean  as  is  also  the  great  Bath  Sponge  (Hippospongia 

equina).  Allied  forms  are  found  in  the  seas  round  the  West 
Indian  Islands. 

Order  3.  Monactinellidal— ' This  order  comprises  a  very 
large  number  of  recent  sponges,  all  of  which  possess  a  skeleton 

.  ,  1S  typically  composed  of  horny  fibres  with  included 

spicules  of  flint.  The  spicules  vary  much  in  form,  but  are 
always  urn-axial  being  most  commonly  fusiform,  pin-shaped, 
°r. bow-shaped  (fig.  45,  b,  c).  The  proportion  borne  by  the 
spicules  to  the  horny  fibre  is  very  variable,  and  in  some  types 
the  skeleton  consists  almost  wholly  of  uni-axial  spicules  with- 
out  any,  or  with  very  little,  horny  connecting-substance  (fig. 
44’,  '•  ln  audition  to  the  spicules  contained  in  the  horny 
skeleton-fibre,  there  are  developed  in  the  mesoderm  more  or 
ess  numerous  siliceous  spicules,  which  lie  loose,  and  which  are 
known  as  flesh-spicules,”  and  which  are  also  uni-axial  in  form. 

-  very  large  number  of  the  commoner  marine  sponges 
belong  to  this  order.  The  universally  distributed  “  Bread- 
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crumb  ”  Sponge  ( Amorphina  panicea )  of  British  coasts  is  a  good 
example  of  the  order.  Another  well-known  type  is  the  com¬ 
mon  Boring  Sponge  (Cliona),  which  forms  winding  and  irreg¬ 
ularly  swollen  canals  in  the  substance  of  shells.  similar 
burrows  have  been  found  in  fossil  shells  from  rocks  as^  old  as 
the  Silurian  ;  so  that  the  group  of  the  Monactinelhd  Sponges 

is  one  of  gi'eat  antiquity.  .  .  .  —  , 

A  remarkable  "roup  of  Monad t?iel ltd cb  is  that  of  the  rres  i- 
water  Sponges,  of  which  the  common  Spongilla  fluyiatilis  ot 
our  rivers  and  lakes  is  a  well-known  representative.  1  his 
species  forms  irregular  crust-like  or  plant-like  masses,  usualh 
of  a  more  or  less  green  colour.  The  spicules  (tig.  45>  c)  aie 
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Sponges  are  all  inhabitants  of  the  sea,  and  the  genera  Geodia 
and  lethya  are  well-known  examples  of  the  group.  Fossil 
Sponges  of  this  order  are  found  in  rocks  as  old  as  the  Moun¬ 
tain  Limestone  (Carboniferous). 

Order  5.  Lithistidje.  -  The  Lithistid  Sponges  have  a 
hrm  resistant  skeleton,  wholly  composed  of  siliceous  spicules, 
and  they  have  been  sometimes  spoken  of,  along  with  the 
sponges  of  the  following  order,  as  “Vitreous  Sponges.”  The 


it,  A  tickle  ' M ^Lhh  i i  “  Hn“tlJellid  Sponge  fr0m  ,he  'Vtst  Indie' 
branched  enrf«  if  Enhis  id  Sponge  Discodcmiia ,  greatly  enlarged,  showing  tli 

C’  1  arI  o(  !lle  skeleton  of  the  Hex!  ctinellid  Parrc 
ponenf  snicMes  nfg!h’-  th°W,ng  he  contl''.u°us  lattice-like  framework,  the  con 
D  PIan  of  a  sin^  •  t  “7  cognisable  by  their  six-rayed  axial  canal.- 

Carter  )  8  ^  6  of  a  He^ctinellid  Sponge.  (After  Liitken,  Sollas,  an, 


variably-shaped,  coral-like  skeleton  is  made  up  of  essentially 
quadriraxhate  (sometimes  irregularly  branched)  siliceous  spi- 
cu  es  (ligs.  45,  e,  and  46,  15),  three  of  the  four  arms  of  which 
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are  so  disposed  as  to  come  together  at  an  angle  of  120  ,  while 
the  fourth  arm  lies  in  a  different  plane  to  the  others,  and 
forms  a  cylindrical  shaft  from  which  the  latter  spring,  lhe 
extremities  of  the  arms  of  the  spicules  are  divided  into  pro¬ 
cesses  (fig.  45,  e),  and  by  the  interlocking  of  these,  contiguous 
spicules  are  united  into  a  continuous  and  rigid  skeleton,  the 
meshes  of  which  are  more  or  less  irregular  and  curvilinear. 
There  may  be  a  single  terminal  osculum,  or  numerous  scat¬ 
tered  oscula ;  and  the  soft  tissues  commonly  contain  isolated 

“flesh-spicules.”  .  ...... 

The  Lithistid  Sponges  are  all  marine,  and  are  inhabitants 
of  deep  water.  Well-known  recent  genera  are  Discodermia , 
Corallistes,  M'Andrewia,  Azorica,  and  Leiodermatium.  Nu¬ 
merous  fossil  forms  of  the  Lithistida  are  known,  beginning  111 

the  Silurian  period.  .  .  ... 

Order  6.  Hexactinellid^:. —  In  this  group  of  the  sili¬ 
ceous  sponges,  the  skeleton  is  composed  of  six-armed  flinty 
spicules,  the  rays  of  which  are  at  right  angles  to  each  othei 
(fire  46,  D).  In  the  centre  of  each  spicule  are  three  canals 
cutting  each  other  at  right  angles,  and  forming  an  axial  six- 
raved  tube.  In  some  Hexactinellid  sponges,  the  spicules  are 
simplv  united  by  the  soft  tissues.  More  commonly,  the 
spicules  are  fused  with  one  another  by  the  ends  of  corre¬ 
sponding  rays,  or  are  united  by  means  of  amorphous  silica,  so 
as  to  form  a  trellis-work  of  rectangular  or  polyhedial  meshes, 
the  individual  spicules  of  which  may  be  oniyrecogmsable  by 
the  persistence  of  their  axial  canals  (fig.  46>  Q-  1  he  flesh' 
spicules  ”  are  fundamentally  six-armed,  but  may  give  off  sec¬ 
ondary  branches  so  as  to  form  a  losette. 

Among  the  living  Hexactinellida ,  the  V  enus  Flower-basket 
( Euplectcllci)  is  one  of  the  most  familiar  forms.  In  this  ex¬ 
quisitely  beautiful  sponge,  the  skeleton -spicules  are  of  aige 
size  and  the  entire  skeleton  is  at  first  flexible  and  soft,  the 
spicules  being  free.  Ultimately,  the  spicules  become  cemented 
together  by  a  coating  of  vitreous  silex,  so  as  to  form  a  lack  er- 
like  trellis-work.  There  is  a  single  terminal  osculum,  provided 
with  a  porous  lid  ;  the  sponge-body  is  rooted  in  the  mud  o 
the  sea-bottom  by  a  beard  of  long  siliceous  fibres ;  and  ie 
entire  skeleton  in  the  living  state  is  completely  concealed  by  a 
thick  covering  of  brown  sarcode.  Another  beautiful  form  is 
the  “  Bird’s-nest  Sponge  ”  (Holtenia,  fig.  47).  "’Inch  is  anchored 
to  the  mud  at  the  bottom  of  the  sea  by  a  wisp  of  siliceous 
fibres  Another  very  interesting  Hexactinellid  sponge  is  the 
Iiyalonema  or  “Glass-rope  Zoophyte,”  long  supposed  to  be  a 
kind  of  coral.  In  this  singular  type,  there  is  a  comparative  > 


PORIFERA. 


®g®pp*p» 

iltes 


wmmm 


Iwis 


^  *£•  47-  Holtema  C  nrpcuten ,  a  siliceous  Sponge  belonging  to  the  group  of  the 
// cxactuiellidce.  (After  Sir  Wyville  Thomson.) 
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small  sponge-body,  which  is  rooted  to  the  mud  at  the  sea- 
bottom  by  a  long  rope  of  delicate  siliceous  fibres.  In  addi¬ 
tion  to  this  skein  of  “  anchoring-fibres,”  there  are  branched 
spicules,  which  are  four-armed  or  five-armed  in  the  recent 
forms,  but  are  hexradiate  in  fossil  examples.  Other  well-known 
living  Hexactinellidce  are  Aphrocallistes ,  Farrea,  Dactylocalyx , 
(fig.  46,  A),  &c.  All  the  known  forms  are  marine,  and  are  in¬ 
habitants  of  deep  water.  Very  many  fossil  forms  of  the 
Hexactinellid  sponges  are  known,  beginning  as  early  as  the 
Cambrian  period. 


Class  II. — Calcispongi^e. 

The  second  class  of  Sponges  comprise  forms  in  which  the 
skeleton  is  composed  of  spicules  of  carbonate  ot  lime.  I  he 
spicules  are  never,  in  living  species,  fused  with  one  another, 
nor  united  by  a  horny  fibre,  and  are  in  the  form  of  simple 
fusiform  rods,  or  of  three-rayed  (rarely  four-rayed)  needles. 

The  triradiate  spicules  (fig.  48,  A)  are  the  form  especially 


s.  A,  Portion  of 

£&*  1  g-U./ enlarged.  (H  and  C  are  after  Carter.) 


characteristic  of  the  Calcispovgice,  but  two  or  all  of  the  known 
forms  of  spicule  may  occur  in  a  single  sponge.  In  the  group 
of  fossil  sponges,  described  by  Zittel  under  the  name  of  Phare- 
troncs,  the  skeleton  is  formed  by  a  reticulated  calcareous  fibre, 
which  is  “wholly  composed  of  spicules  in  close  appioximation 
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to  each  other,  and  as  closely  interwoven  together  as  the  strands 
of  a  rope”  (Hinde). 

I  he  canal-system  of  the  Calcispongia  exhibits  considerable  differences  as 
regards  its  development  and  arrangement  in  different  groups.  In  one  series 
of  forms  (the  Ascones  of  Haeckel)  the  sponge  has  the  form  of  a  simple  thin- 
walled  sac,  which  opens  at  its  apex  by  a  single  osculum,  and  is  lined 
throughout  by  flagellated  cells,  the  wall  being  perforated  by  numerous  con¬ 
stantly-changing  pores  for  the  admission  of  water  (fig.  41).  In  these  forms, 
therefore,  there  are  no  proper  inhalant  or  exhalant  canals.  In  another 
group  (the  Sycones  of  Haeckel)  the  sponge  is  sac-like,  with  a  central  cavity 
and  terminal  osculum,  but  with  thick  walls,  which  are  traversed  by  numer¬ 
ous  simple  radial  canals  opening  on  the  surface  by  “pores.”  The  endo- 
derm  of  the  central  chamber  is  not  flagellated,  but  the  radial  canals  are 
dilated  into  flagellated  chambers.  In  a  third  group  of  forms  (the  Lei , cones 
ot  Haeckel)  the  general  form  of  the  Sponge  is  the  same  as  in  the  preceding- 
group,  but  the  canals  traversing  the  thick  walls  of  the  body  are  branched. 

The  living  Calcareous  Sponges  are  all  of  small  size,  and  of 
delicate  texture,  and  they  are  all  inhabitants  of  the  sea.  Gran- 
tni  compressa  and  Leucandra  nivea  are  well-known  British 
examples  of  the  order. 
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CHAPTER  VII. 


THE  SUB-KINGDOM  CCELENTERA  TA. 

i.  Characters  of  the  Sub-Kingdom.  2.  Divisions.  3. 
General  Characters  of  the  Hydrozoa.  4*  Expla- 
nation  of  Technical  i  erms. 

The  sub-kingdom  Ccelenterata  (Frey  and  Leuckart)  may  be 
considered  as  a  modern  representative  of  the  Radiata  oi 
Cuvier.  From  the  Radiata ,  however,  tire  Echinodermata  and 
Rotifera  have  been  removed,  the  entire  sub-kingdom  of  the 
Protozoa  has  been  taken  away,  and  the  Polyzoa  have  been 
relegated  to  a  place  near  the  Mollusca.  Deducting  these 
groups  from  the  old  Radiata ,  the  residue,  comprising  most 
of  the  animals  commonly  known  as  Polypes  or  Zoophytes, 
remains  to  constitute  the  modern  Ccelenterata. 

The  Ccelenterata  may  be  defined  as  radially  -  symmetrical 
animals ,  in  which  the  mouth  opens  into  a  simple  or  variously 
divided  space  (“  ccelenteric  cavity  ”),  which  acts  as  an  alimentary 
cavity ,  and  which  may  or  may  not  be  divided  into  two  portions , 
of  which  one  forms  a  rudimentary  digestive  tube.  The  body-7aa 
consists  of  two  fundamental  layers  (« ectoderm  and  erido- 
derm  ”),  between  which  an  intermediate  layer  (  rnesoder  m  )  ts„ 
usually  developed.  Peculiar  urticating  organs,  or  thread-u/ts, 
are  present.  The  nervous  system  is  sometimes  /penalised,  some¬ 
times  diffused;  but  no  vascular  organs  are  developed. 
tive  organs  are  invariably  present  at  some  period  or  another  of 
life,  though  asexual  reproduction  is  also  very  genera/.  _ 

The  leading  feature  in  the  Ccelenterate  animals  is  to  be 
found  in  the  fact  that  the  walls  of  the  body  enclose  a  cavity 
(fig.  49,  b),  which  is  concerned  with  the  processes  of  d'gestion 
and  circulation,  and  which  represents  the  body-cavity  of  the 
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higher  animals. 


•  ,.  Into  this  general  cavity  the  mouth  opens 

e.ther  directly  or  by  the  intervention  of  a  short  oesophageal 
tube.  Pheie  are,  however,  no  proper  digestive  organs  apart 


(‘‘crisJeda'-Tcoma-  •* 

ectoderm.'"6'  ^  end°dcrm  ^  ^  Hne  and^tacet^f^en  tL^nd  °h 


from  this  cavity,  nor  are  definite  circulatory  organs  developed 

Ihe  fluid  filling  the  general  body-cavity  corresponds  fn  fact 

o  the  blood  of  the  higher  animals,  and  its  circulation  is  car’ 

iied  on  by  the  ciliated  lining  of  the  cavity.  The  ge„erai 

cavity  included  within  the  walls  of  the  body  may  therefore 

be  appropriately  spoken  of  as  the  “  gastro-vascular  space  ” 

i •  ,K  mouth  of  the  Codenterata,  is  surrounded  by  hollow  or 

'  tentacles  ”  Th^se  filaments>  which  are  known  as  the 
tentacles.  J  hese  organs  are  arranged  in  a  “  radiate  ” 

Si  th°Llg  l  traces  of  bilateral  symmetry  are  by  no  means' 
^holly  wanting  among  the  Coelenterates.  They  are  absent  hi 
Pmo/'yJra  and  Microhydra ,  and  in  the  sexless  "odids  oT  the 

capable ”f  being  SES*  «* 

exit'twfnS116  fUndTental  tissues  of  the  Ccelenterata,  there 
are  knowi  r  y  tme"lbranef>  an  external  and  internal,  which 
Z  40  ;  andTCt  na  y  ^  t!?e  “  CCt0derm  ”  and  “  endoderm  ” 
face  of’  tbe  1  ?'  1  !G  ectoderm  covers  the  whole  outer  sur- 

presen  ThS’l'f  a'S°  HneS  the  ^orfliagus,  when  this  is 
o?  f'v  1  h  doderm  covers  the  entire  inner  surface  of  the 
body,  the  cavities  of  the  tentacles,  and  the  outside  of  the 
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gullet  (when  this  is  present).  The  ectoderm  and  endoderm 
correspond  with  the  primitive  serous  and  mucous  layers  (  epi- 
blast ”  and  “hypoblast”)  of  the  germinal  area,  and  become 
differentiated  in  opposite  directions,  the  ectoderm  growing 
from  within  outwards,  and  the  endoderm  from  without  in¬ 
wards.  Each  is  primitively  cellular,  but  the  inner  portions  o 
both  may  become  specialised  so  as  to  give  rise  to  different 
tissues.  Between  the  ectoderm  and  endoderm  there  is,  typi¬ 
cally,  developed  a  third  layer  or  “mesoderm,”  which  is  essen¬ 
tially  of  the  nature  of  connective  tissue. 

In  the  higher  Ccelenterates,  such  as  the  Sea-anemones,  the 
angles  to  the  surface  ffig.  50  A,  ec),  and  having  their  free  outer  ends  fut- 


F«fr  30.  ft 

one,  great  \  ^oithelial  cells*  along  with  thread-cells  (/)»  and  gland-cells  (d  and 

composed  of  long  epithelial  j  g  /Mesoderm;  mm  Muscular  layers, 

d’) ;  en  Endoderm,  with g  ana  ceus  W  H>  Nervous  layer,  consisting 

ofNdelicate  Xes  and  large  nerve-cells,  in  a  Sea-Anemone -greatly  enlarged. 
(After  O.  and  R.  Hertwig.) 


nished  with  cilia  or  flagella  Interspersed  among  the  ordinaty  ectodermal 
cells  are  various  special  cells- viz.,  the  thread-cells  (fig.  5°.  -V  0,  large 
glandular  cells  of  different  lands,  and  peculiar  sense-cells. 

The  endoderm  (fig.  5°,  A,  «)  consists  of  cells,  Similar  in  most  respects 
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to  those  of  the  ectoderm,  but  shorter.  The  inner  ends  of  the  endodermal 
clIIs  are  ciliated,  or  are  furnished  with  flagella,  and  intermixed  anioim 
them  are  numerous  glandular  cells.  uermixeci  amonS 

The  mesoderm  { fig.  50,  A,  /)  consists  essentially  of  connective  tissue  and 
forms  a  kind  of  framework  (“supporting  lamina’’),  which  accura  elv  cor 
responds  with  the  form  of  the  body.  accurately  coi- 

Roth  the  ectoderm  and  the  endoderm  may  undergo  partial  differentiation 
into  muscular  and  nervous  elements.  The  muscles  have  the  form  of  Ion" 

Thlv’  S°nte  °[wh\ch  h.av.e  a  longitudinal  and  others  a  circular  direction^ 
hey  are  developed  primitively  from  both  the  inner  side  of  the  ectoderm 

?rhtr^^  ft*  A,  -  -);  but  they  often  com” 

fibres^Vd1k'^eegangHon-cens.eCtTlmrcells^'fig05o^,^’arrn^tt^"^  °f  nemlj 


In  connection  with  the  integument  of  the  Ccdenterata  the 
organs  termed  “  thread -cells  ”  (“cnidse,”  or  “  nematocysts  ”) 


must  be  noticed.  These  are  peculiar  cellular  bodies  (fi 


5i, 


Fio 


'  Cary7^l)taCimUhi^\  ®’eTterata- featly  magnified.  A  and  H,  The  thread-cell 
thr^d-cdl  of  Cora  Z /  CJmdlt,on>  and  in  two  varieties;  C  and  1),  1 

larged  abont  500 times  ;  E/ThelhSeli  of  ^XTin^  ^  aCt'Ve  C°"dition'  en 


11  of 
he 


osse  and  Moseley.) 


an  everted  condition.  (After 


of  various  shapes,  which  are  used  in  killing  the  prey  of  the 
animal,  and  also  as  weapons  of  offence  and  defence,  and  which 
communicate  to  many  members  of  the  sub-kingdom  (e.g.,  the 
Sea-blubbers)  their  well-known  power  of  stinging!  The  thread- 
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cells  have  the  form  of  capsules  filled  with  fluid  and  having 
coiled  up  in  their  interior  a  longer  or  shorter  thread,  had 
capsule  is  developed  within  a  cell,  which  carries  a  delicate 
sensitive  process  (“  cnidocil  ”).  When  this  process  is  touched, 
the  cell  bursts  and  the  thread  is  thrown  out  of  the  sac  t 
full  length,  piercing  any  soft  substance  with  which  it  may  come 
in  contact  The  thread  is  often  barbed  or  serrated,  and  the 
fluid  contained  within  the  capsule  probably  has  some  poison¬ 
ous  action.  Thread-cells  of  various  forms  are  exceedingly 
characteristic  of  the  Ccelenterates,  but  analogous  organs  exist 
■n  o*er animals  (,*.  in  the  Infusoria  the  fanarutyvon,, 
some  Annelides,  &c.)  They  are  specially  developed  in  the 
ectoderm  (fig.  50,  A,  t),  and  are,  as  a  rule,  a^U_ 

dant  in  the  tentacles.  In  one  group  of  the  Ccelenterates 
viz.,  the  Ctenophora — thread-cells  are  rarely  present  but  the 
place  is  taken  by  analogous  structures  (“  fixingmellsl  Be¬ 
sides  the  thread-cells,  the  tentacles  of  some  H  ,°  " 

furnished  with  rigid  hair-like  processes,  which  are  probably 
tactile  in  function,  and  which  are  known  as  palpocils. 

^  The  Ccelenterata  are  divided  into  two  classes,  termed  respect¬ 
ively  the  Hydrozoa  and  the  Actinozoa. 


Class  I.  Hydrozoa. 

The  Hydrozoa  are  defined  as  Ccrienterata  in  which  the  walls 
of  the  body  enclose  a  simple  undivided  cavity  (the  ca’le'  *\  L 

cavity"),  which  acts  both  as  a  body-cavity  and  a  digestive  cat  it} . 

An  oesophageal  tube  is  not  developed ;  but  the  uPPer  aif  ,  / 

alimentary  tract  may  be  prolonged  into  radiatinl™"“ls buds 
a  peripheral  ring.  The  reproductive  organs  are  externa  buds, 

and  are  often  developed  in  specially  modified  z voids  (fia.  5 h 

It  follows  from  the  above,  that,  since,  there  is  buta^Vt 
internal  cavity,  the  body  of  a  Hydrozoon  on  transverse  sect 
appears  as  a  single  tube,  the  walls  of  which  are  formed  by 
limits  of  the  general  parietes  of  the  body. 

The  Sana  are  all  aquatic,  and  the  great  majority  are 
marine  The  class  includes  both  simple  and  composite  organ 
Isms  the  most  familiar  examples  being  the  common  Fresh  water 
Polypes  (Hydra),  the  Sea -firs  (Sertulanda),  the  Jelly-tishes 
(Medusa:),  and  the  Portuguese  man-of-war  (Physaha). 

Owing  10  the  great  thought 

llr  ‘ne  rn  C  £  Of  some  of  the  technical 

STShi  h  arer0inmore  general  use  in  describing  these  organisms. 
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General  Terminology  of  the  Hydrozoa. 
divtluS'”Tn^K^e^aVe  alreadyseen  <"*  Introduction)  that  the  term  “in- 

y  eith“  be  SImPIe-  hke  an  Amaba,  or  may  be  composite,  like 


remai n  "imuim  1*1  yS co  lrnertecT d e vel  the,parts  c°nlPosing  an  individual 
but  ifnnv  !r  it  connected,  its  development  is  said  to  be  “continuous”- 

becomew  nf  thfe'“  ?artS  become  separated  as  independent  beings  the  case 

r  *2  h«  issis 

'Hdftrul  £  ~^=n'^  SSsXJgS  tS? 

of  generations  ”P  y  SteenstrllP  s  celebrated  law  of  the  “alternation 

pounT and  the  the  individual  may  be  either  simple  or  com- 

the  following  term,  h°pment  ^ ,be  either  continuous  or  discontinuous, 
Hydrosoma  — Th;  e”1PIoye^  denote  the  phenomena  which  occur, 

body  of  a  Hvdm~  S  1S  ,  lc,  ten?i  which  is  employed  to  designate  the  entire 
S2T-  Whether  11  be  «“Ple,  as  in  the  Hydr%  or  composite, 

the1e^^(-Jbea!'m;ntary  region  of  a  Hydrozobn  is  called  a  “polypite”; 
ozoa  Tn  th  .  ^  i  n°W  restnct?d  t0  the  same  region  in  the  Actin - 

pite  ”.  1,„,  ,u  SI,nlP  Q/fydr°zoa  the  entire  organism  may  be  called  a  “poly. 

’  »t  the  term  is  more  appropriately  applied  to  the  separate  nutritive 
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factors  which  together  make  rip  a  compound  Hydrozobn.  By  Professor 
Allman  the  term  “hydranth”  is  used  in  preference  to  polypite. 

Distal  and  Proximal. — These  are  terms  applied  to  different  extremities 
of  the  hydrosoma.  It  is  found  that  one  extremity  grows  more  quickly  than 
the  other,  and  to  this  free-growing  end— at  which  the  mouth  is  usua  y 
situated-the  term  “  distal  ”  is  applied.  To  the  more  slowly  growing  end 
of  the  hydrosoma— which  is  at  the  same  time  usually  the  fixed  end  the 
term  “proximal  ”  is  applied.  These  terms  may  be  used  either  in  relation 
to  a  single  polypite  in  the  compound  Hydrozoa,  or  to  the  entire  hydrosoma, 

whether  simple  or  compound.  .  ,  , 

Hydrorhiza. — This  term  is  applied  to  that  portion  of  the  proximal  enc 
of  a  Hydroid  colony  by  which  it  is  attached  to  some  foreign  body. 

Coenosarc.  —This  is  the  term  which  is  employed  to  designate  the  common 
trunk,  which  unites  the  separate  polypites  of  any  compound  Hydrozoon  into 

“polypary-  or  “  polypidom  ”  is  applied  to  the 
horny  or  chitinous  outer  covering  or  envelope  with  which  many  of  the 
Hydrozoa  are  furnished.  These  terms  have  also  not  uncommonly  been 
applied  to  the  very  similar  structures  produced  by  the  much  moie  highly 
organised  Sea-mats  and  their  allies  {Polyzoa),  but  it  is  better  to  res  net 
their  use  entirely  to  the  Hydrozoa.  By  Professor  Allman  the  term  pen- 
sarc  ”  is  given  to  the  chitinous  investment  by  which  the  soft  paits  of  the 
Hydrozoa  are  often  protected,  while  other  writers  use  the  term 

^Zooids  —In  continuous  development,  the  partially  independent  beings 
which  are  produced  by  gemmation  or  fission  from  the  primitive  organism 
o  which  they  remain  permanently  attached,  are  termed  “zooids  In 
other  words,  the  “zooids”  are  the  more  or  less  individualised  members  o 

which  the  Hydroid  colony  is  made  up. 

In  discontinuous  development,  where  certain  portions  of  the  indivi¬ 
dual  ”  are  separated  as  completely  independent  beings,  these  detached 
portions  are  hkewise  termed  “  zooids  ”  ;  that  which  is  first  formed  being 
distinguished  as  the  “  producing  zooid,”  whilst  that  which  sepaiates  10m 
it  is  known  as  the  “produced  zooid.”  In  a  great  number  o 
there  exist  two  distinct  sets  of  zooids,  one  of  which  is  destined  for  the  nu¬ 
trition  of  the  colony,  and  has  nothing  to  do  with  generation  whilst  the 
functions  of  the  other,  as  far  as  the  colony  is  concerned,  are  wholly  repro¬ 
ductive.  For  the  whole  assemblage  of  the  nutntwe  wools  of  a  Hydros 
Professor  Allman  lias  proposed  the  term  “trophosome,  applying  the 
term  “gonosome”  to  the  entire  assemblage  of  the  reproductive  zooids  In 
such  Hydrozoa,  therefore,  as  possess  these  two  distinct  sets  of  zooids,  the 
'<«  individual  ”  zoologically  speaking,  is  composed  of  a  trophosome  and  a 
gontome  It  follows  from  this  that  neither  the  trophosome  nor  the  gono¬ 
some  however  apparently  independent,  and  though  endowed  with  intrinsic 
powers  of  nutrition  and  locomotion,  can  be  looked  upon  as  an  individual, 

In  Ihe  scientific  sense  of  this  term.  As  a  rule,  the  zooids  of  the  trophosome 
nil  life  one  another  or  are  “  homomorphic  ;  but  theie  are  some  cases 
(as  in  Hydractinia,  and’ in  the  nematophores  of  the  Plumulandte) in  which 
some  of  the  zooids  of  the  trophosome  are  unlike  the  others.  The  zooids 
of  the  gonosome,  on  the  other  hand,  are  normally  unlike,  or  are  heteio- 
mornhfc  ”  consisting  of  two  or  three  different  sets  of  zooids,  each  with  its 
;  1  dntv  in  the  generative  functions  of  the  Hydroid  colony, 
speemi  cl in_^‘ :"enera1  name  of  “gonophores”  is  given  to  the  exter¬ 
nals  in  which  the^reproductive elements  are  produced  in  the .Hydrozoa. 
Except  In ^^Hydra  he  gonophores  can  be  more  or  less  clearly  shown  to  be 
modified  zScls  ir  pofypitJs  (fig.  53)-  Usually  the  gonophore  consists  of 
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an  external  investment,  which  encloses  a  fixed  generative  „  r 

sexual  zooid  (gonozooid).  In  the  highest  stage  of  development  the  sexual 
zocud  is  ul  unately  detached  from  the  parent  colony  (“  trophosome to 
ead  an  independent  existence,  when  it  constitutes  a  Medusa,  or  Jelly-fish 


F‘8  of3theAsamertenIaI’ledOl0i'y\0f  Bou&iuvillea  muscus ,  of  the  natural  size.  15,  Par 
medusiform  bud  •  P°lyPlte  fully  expanded  ;  m  An  incompletely  developet 

canal, ;  o  Ocellus ;  ,  fiSkT  '' 


AWrovr  fill,  ;  J?,  ,0tllfrr  Cas^s>  llle  generative  bud  assumes  ihe  form  of  a 

*%&*£££! from  thc  parem' 111  »'"idl  ~  “  »  l»”">  ~  n 


MANUAL  OF  ZOOLOGY. 


CHAPTER  VIII. 


DIVISIONS  OF  THE  HYDROZOA. 

Sub-class  Hydroida.* 

The  Hydrozoa  are  divided  into  six  sub-classes — viz.,  the  Hy- 
droida,  the  Siphonophora,  the  Lucernarida,  the  Graptolitoidea, 
the  Hydrocorallina ,  and  the  Stromatoporoidea. 

Sub-class  I.  Hydroida. —  1  his  sub-class  comprises  Hy¬ 
drozoa  in  which  the  hydrosoma  consists  typically  of  numerous 
simple  polyp  lies  united  by  a  branched  ccenosarc,  and  forming  a 
more  or  less  plant -like  colony  attached  to  foreign  bodies  by  an 
adherent  base  (“  hydrorhiza  ”).  Very  commonly  the  colony  de¬ 
velops  a  hard  outer  layer  or  “ polypary P  Reproduction  takes 
place  by  fixed  generative  buds  ( usually  medusoid  in  structure ),  o? 
by  the  development  of  free  medusiform  gonophores.  In  some  cases 
the  hydrosoma  is  simple ,  and  may  either  resemble  a  single  poly pite 
of  one  of  the  colonial  forms  (as  in  Hydra),  or  may  be  similar  to 
a  medusiform  gonophore  (as  in  the  Tra chy medusa). 

The  “  Hydroid  Zoophytes”  may  be  divided  into  hve  orders 
—viz.,  the  Hydrida ,  the  Corynida,  the  Tliecaphora ,  the  Theco- 

medusce,  and  the  Tr achy  medusa. 

Order  I.  Hydrida  (Eleutheroblastica,  Allman  ;  Gymnochroa, 
Hincks). — This  order  comprises  those  Hydrozoa  whose  “  hydro¬ 
soma  ”  consists  of  a  single  locomotive  polypite ,  with  tentacles  and 
“  hydrorhiza and  with  reproductive  organs  which  appear  as 
simple  external  processes  of  the  body-wall.  The  hydrorhiza  is 
discoid,  and  no  hard  cuticular  layer  is  at  any  time  developed. 

The  order  Hydrida  comprises  a  single  genust  only  (Hydra), 
including  the  various  species  of  “Fresh-water  Polypes,  as  they 
are  often  called.  The  common  Hydra  (fig.  52,  A)  is  found 
abundantly  in  this  country,  and  consists  of  a  tubular  cylindri¬ 
cal  body,  the  “  proximal  ”  extremity  of  which  is  expanded  into 
an  adherent  disc  or  foot— the  “hydrorhiza  —by  means  o 
which  the  animal  can  attach  itself  to  some  foreign  body,  it 
possesses,  however,  the  power  of  detaching  the  hydrorhiza 

*  For  full  details  as  to  the  morphology  and  physiology  of  the  Hydroid 
-7  1  ,.1  .c  tin-  student  should  refer  to  the  magnificent  Monograph  of  the 

Zoop  y  »  'j  jroids  ’  by  Professor  Allman  (Ray  Society).  The  student 
Sr  £  £n2  S  extent  ‘History  of  British  Hydroid  Zoophytes,’ 

by-Mf  th^’/’r^X'^^^eeff  be  a  mature  form,  it  also  belongs  to  this 
order  It  differs  from  Hydra  in  having  no  tentacles.  In  Microhydra  both 
tentacles  and  the  basal  disc  arc  wanting. 
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f<VVl  -fnd  UlS  0f  C,hangmS  lts  Place-  At  die  opposite  or 
distal  extremity  of  the  body  is  placed  the  mouth,  sur¬ 
rounded  by  a  circlet  of  tentacles,  which  arise  a  little  distance 
below  the  margin  of  the  oral  aperture.  The  tentacles  vary  in 
number  from  five  to  twelve  or  more,  and  they  vary  consider- 

thiY’V6'18  i  mz??erent  sPecies>  being  much  shorter  than 
long  S (fig- 54>-  bu*  bei"S 
Hydra  oligadis.  They 
are  highly  extensile  and 
contractile,  and  serve 
as  organs  of  prehension, 
being  capable  of  retrac¬ 
tion  till  they  appear  as 
nothing  more  than  so 
many  warts  or  tubercles, 
and  of  being  extended 
to  a  length  which  is  in 
some  species  longer  than 
the  body  itself.  Each 
consists  of  a  prolonga¬ 
tion  of  both  ectoderm 
and  endoderm,  enclos¬ 
ing  a  diverticulum  of 
the  somatic  cavity,  and 
they  are  abundantly  fur¬ 
nished  with  thread-cells. 

The  cylindrical  hydro¬ 
soma  (fig.  5  2,  B),  is  ex¬ 
cavated  into  a  single 
large  cavity,  lined  by 
the  endoderm,  and  com 


lg-.  5.4;.~7  I  he  Green  Fresh-water  Polype  (Hydra 
viridis),  suspended  head-downwards  from  a  piece 
of  a  stein  of  an  aquatic  plant,  enlarged,  a  One  of 
.tentacles.!  ^.Gestis  or  spermarium,  with  sper¬ 
matozoa  in  its  interior;  c  A  single  large  ovum, 
protruding  from  the  side  of  the  body ;  d  Disc  of 
attachment  (“  hydrorhiza  ”). 


municating  with  the  ex¬ 
terior  by  the  mouth. 

This— the  “somatic  cav¬ 
ity  is  the  sole  diges¬ 
tive  cavity  with  which 

beinsr^ rrXrfS  Pr<?VK^’  die  indigestible  portions  of  the  food 
off  ft  th  ■  1  -d  by  the  mouth-  The  ectodermal  cells  give 
laver  r  f  V*  lnnci  ends  branched  filaments  which  form  a 
In  ffv  />■  r  ne.U^°'ni,USCldar  ’  fibres  internal  to  the  ectoderm. 

-nj  Ir  ,nu  ls->  also,  the  ectoderm  contains  chlorophyll. 
in„  mu t ; Ur  / 11  P0ss^sses  a  most  extraordinary  power  of  resist- 

call  v Tiv  ded"’  I"?  °u  multiP1>'ing  artificially  when  mechani¬ 
cally  divided.  Into  however  many  pieces  a  Hydra  may  be 
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divided,  each  and  all  of  these  will  be  developed  gradually  into 
a  new  and  perfect  polypite.  d  he  remarkable  experiments  ot 
Trembley  upon  this  subject  are  well  known,  and  have  been 
often  repeated,  but  space  will  not  permit  further  notice  of 
them  here.  Reproduction  is  effected  in  the  Hydra  both 
asexually  by  gemmation,  and  sexually— the  former  process 
being  followed  in  summer,  and  the  latter  towards  the  com¬ 
mencement  of  winter,  few  individuals  surviving  this  season. 
In  the  first  method  the  Hydra  (fig.  52,  A)  throws  out  one  01 
more  buds,  generally  from  near  its  proximal  extremity.  I  hese 
buds  at  first  consist  simply  of  a  tubular  prolongation  of  the 
ectoderm  and  endoderm,  enclosing  a  crecal  diverticulum  ot  the 
body-cavity ;  but  a  mouth  and  tentacles  are  soon  developed, 
when  the  new  being  is  usually  detached  as  a  perfect  indepen¬ 
dent  Hydra.  The  Hydras  thus  produced  throw  out  fresh  buds, 
often  before  they  are  detached  from  the  parent  organism,  and 
in  this  way  reproduction  is  rapidly  carried  on. 

In  the  second  or  sexual  mode  of  reproduction,  ova  and 
spermatozoa  are  produced  in  outward  processes  of  the  body- 
wall  (fig.  54).  The  spermatozoa  are  developed  in  little 
conical  elevations,  which  are  produced  near  the  bases  of  the 
tentacles,  and  the  ova  are  enclosed  in  sacs  ot  much  greatei 
size,  situated  nearer  the  fixed  or  proximal  extremity  ot  the 
animal.  Ordinarily  there  is  but  one  of  these  sacs,  containing 
a  single  ovum,  but  sometimes  there  are  two.  T  hen  mature, 
the  ovum  is  expelled  through  the  body-wall,  and  is  fecundated 
by  the  spermatozoa,  which  are  simultaneously  liberated.  1  ic 
primitive  body-cavity  of  the  non-ciliated  embryo  is  ultimately 
placed  in  communication  with  the  outer  world  by  the  forma- 
tion  of  the  mouth,  which  is  produced  directly  as  an  open¬ 
ing  in  the  walls  of  the  body,  and  not  by  invagination  of  the 

ectoderm.  .  ,  „  , 

Order  II.  Corynida  ( Gymnoblastica ,  Allman;  Athecata , 
Hincks).  —  The  order  Corynida  comprises  those  Hydrozoa 
whose  hydrosoma  is  fixed  by  a  hydrorhiza ,  and  consists  either  of 
a  single  polypite ,  or  of  several  united  by  a  avnosarc,  which  usually 
develops  a  firm  outer  layer  or  “ polypary .’  Ho  “  hydrothcuc 

are  present.  “  The  reproductive  organs  arc  in  the  form  of  gono- 
phores ,  which  vary  much  in  structure,  and  arise  from  the  sides  of 
the  poly pites,  from  the  avnosarc,  or  from  gonoblastidia  (Greene). 

The  hydrosoma  of  the  Corynida  may  consist  ot  a  single 
polvpite,  as  in  Coryomorpha  and  Vorticlava,  or  it  may  be  com¬ 
posed  of  several  united  by  a  ccenosarc,  as  in  Cordy/ophora 
(lie  qq  a)  The  order  is  entirely  confined  to  the  sea,  with  the 
single  exception  of  Cordy/ophora,  which  inhabits  fresh  water. 
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In  Tubularia  and  its  allies  the  organism  is  protected  by  a  well- 
developed  external  chitinous  envelope  or  “polypary”;  but  in 
the  other  genera  belonging  to  the  order,  the  polypary  is  either 
rudimentary  or  is  entirely  absent.  The  polypary  of  the 


Corynida  when  present,  is  readily  distinguished  from  that  of 
h tSertulanda  by  the  fact  that  in  the  former  it  extends  only 
to  the  bases  of  the  polypites;  whereas  in  the  latter  it  expands 
to  form  little  cups  for  the  reception  of  the  polypites,  these  cups 
being  called  hydrotheae.”  Owing  to  the  fact  that  neither 
the  polypites  nor  the  generative  buds  of  the  Corynida  are  en- 
closed  in  a  chitinous  investment,  the  name  of  “  Gymnoblastic 
Hv  droids  is  applied  to  them  by  Professor  Allman. 

As  regards  the  reproductive  process  in  the  Corynida,  the 
reproductive  elements  are  developed  in  distinct  buds  or  sacs 
which  are  external  processes  of  the  body -wall,  and  have 
been  aptly  termed  “gonophores”  by  Professor  Allman.  Great 
variations  exist  in  the  form  and  development  of  these  genera¬ 
tive  buds,  and  an  examination  of  these  leads  us  to  some  of 
the  most  singular  phenomena  in  the  entire  animal  kingdom, 
n  some  species  ot  Hydradinia  and  Coryne ,  the  generative 
buds  or  gonophores  ”  exist  in  their  simplest  form— namely, 
as  sac  1  -e  protuberances  of  the  endoderm  and  ectoderm, 
enc  osing  a  diverticulum  of  the  somatic  cavity.  In  this  form 
hey  are  attached  to  the  “  trophosome  ”  by  a  short  stalk,  and 
ley  are  termed  “sporosacs”  (fig.  56).  They  are  exactly  like 
the  bulls  which  we  have  already  seen  to  exist  in  the  Hydra 
with  this  difference,  that  they  are  not  themselves  developed 
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into  fresh  polypites,  but  are  simply  receptacles  in  which  the 
essential  elements  of  generation  —  the  ova  and  spermatozoa 
— are  prepared,  by  the  union  of  which  the  young  Corynid  is 
produced.  The  sporosac  is  almost  invariably  permanently 
attached  to  the  trophosome,  the  only  known  exception  being  in 

Dicoryne ,  in  which  the  sporosac, 
previous  to  the  discharge  of  its 
ova,  liberates  itself  from  its  outer 
investment,  and  swims  about 
freely  as  an  independent  ciliated 
organism. 

In  Cordylophora  (fig.  57,  b)  a 
further  advance  in  structure  is 
perceptible.  The  gonophore  now 
consists  of  a  closed  sac,  from  the 
roof  of  which  depends  a  hollow 
process  or  peduncle — the  “manu¬ 
brium” — which  gives  off  a  system 

Fig.  56. — Sporosac  of  H y dr  actinia  echin-  of  tubes  which  run  ill  the  walls 
atu  (after  Allman),  a  Outer  wall  of  Qf  saC.  Foi*  reaSOllS  which 

the  sac  :  b  Inner  wall  of  the  sac ;  s  Col-  ...  .  .  i-  ■.  _  +.1, 

umn  developed  from  the  floor  of  the  Will  be  immediately  C\  lQ.Cn t,  tllL 

'  — . —  g0n0p]10re  in  this  case  is  said  to 

a  “  disguised  ”  medusoid 
structure  (fig.  57,  b). 

In  certain  Corynida,  however, 
we  meet  with  a  still  higher  form  of  structure,  the  gono- 
phores  being  now  said  to  be  “medusoid.”  In  these  cases 
the  generative  bud  is  primitively  a  simple  sac  such  as 
the  “  sporosac  ” — but  ultimately  develops  itself  into  a  much 


sporosac,  and  extending  into  its  cavity. 

This  is  termed  the  “spadix”;  it  con-  _ 
tains  a  prolongation  from  the  cosno-  have 
sarcal  canal,  and  the  ova  are  developed 
around  it. 


p:-  „ _ Diagrams  of  the  gonophores  of  Hydrozoa.  n  Sporosac :  t>  Disguised  medusoid  , 

1  g‘c  Attached  medusiform  gonophore  ;  d  Free  medusiform  gonophore.  lhe  cross  shad¬ 
ing  indicates  the  reproductive  organs,  ovaria  or  spermarm.  lhe  part  completely 
black  indicates  the  cavity  of  the  manubrium  and  the  gonocalyctne  canals. 


more  complicated  structure.  The  gonophore  (figs.  53,  Q 
and  kS)  is  now  found  to  be  composed  ot  a  bell  -  shaped 
disc,  termed  the  “gonocalyx,”  which  is  attached  by  its  base 
to  the  parent  organism  (the  trophosome),  and  has  its  cavity 
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turned  outwards.  From  the  roof  of  the  gonocalyx,  like 
the  clapper  of  a  bell,  there  depends  a  peduncle  or  ‘‘man¬ 
ubrium,  which  contains  a  process  of  the  somatic  cavity, 
and  is  in  reality  a  modified  polypite.  The  manubrium  gives 
out  at  its  fixed  or  proximal  end  four,  six,  or  eight  prolonga¬ 
tions  of  its  cavity,  in  the  form  of  radiating  lateral  tubes  which 
run  to  the  margin  of  the  bell,  where  they  communicate  with 
one  another  by  means  of  a  single  circular  canal  which  sur¬ 
rounds  the  mouth  of  the  bell.  This  system  of  tubes  con¬ 
stitutes  v  hat  is  known  as  the  system  of  the  “gastro-vascular  ” 
or  gonocalycine  canals.  The  gonophore,  thus  constituted, 
may  remain  jDeimanently  attached  to  the  parent  organism,  as 
m  Tubularia  indivisa  (fig.  57,  c) ;  but  in  other  cases  still  fur¬ 
ther  changes  ensue.  In  the  higher  forms  of  development  (fig. 
58)  the  manubrium  acquires  a  mouth  at  its  free  or  distal  ex¬ 
tremity,  and  the  gonocalyx  becomes  detached  from  the  parent 


f  ,£  m8DrofiVeUCshnw;°nf<rathee  me‘lu*ifor'ln  gonophore.  «  Medusoid  ( Thaumantias )  seen 
h  •  gtth  -c,entral  PolyP‘te-  the  radiating  and  circular  gonocalycine 

viewed  from'befow"  ^  ^  organs fHhe  sam! 

viewed  irom  below.  1  he  dotted  line  indicates  the  margin  of  the  velum. 


1  he  gonophore  is  now  free,  and  behaves  in  every  respect  as  an 
independent  being.  The  gonocalyx  is  provided  with  marginal 
tentacles,  and  with  an  inward  prolongation  from  its  margin, 
winch  partially  closes  the  mouth  of  the  bell,  and  is  termed  the 
vei  or  “velum.’  By  the  contractions  of  the  gonocalyx, 
which  now  serves  as  a  natatorial  organ,  the  gonophore  is  pro¬ 
pelled  through  the  water.  The  manubrium,  with  the  shape, 
assumes  the  functions  of  a  polypite,  and  its  cavity  takes  upon 
itself  the  office  of  a  digestive  sac.  Growth  is  rapid,  and  the 
gonophore  may  attain  a  comparatively  gigantic  size,  being  now 
a  jso  ute  y  identical  with  one  of  those  organisms  which  are 
con^mon  7  ca^ed  “jelly-fishes,”  and  are  technically  known  as 
Medusa  (fig.  59).  In  fact,  as  we  shall  afterwards  see,  many 
o  the  so-called  gymnophthalmate  Medusa ,  originally  described 
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as  a  distinct  order  of  free-swimming  Hydrozoa,  are  in  truth 
merely  the  liberated  generative  buds,  or  “  medusiform  gono- 
phores,”  of  the  permanently  rooted  Hydroids.  Finally,  the 


Ag.  59-' 


-  Free-swimming  medusiform  gonophore  of  Bougainvillea  sit/erciliaris, 
a  fixed  Hydroid.  Enlarged.  (After  A.  Agassiz.) 


essential  generative  elements — the  ova  and  speimatozoa  are 
developed  in  the  walls  of  the  manubrial  sac,  between  its  endo- 
derm  and  ectoderm,  and  embryos  are  produced,  lhese  em¬ 
bryos,  however,  instead  of  resembling  the  organism  which 
immediately  gave  them  birth,  develop  themselves  into  the 
fixed  Corynid  from  which  the  gonophore  was  produced,  thus 

completing  the  cycle.  .  ..  , 

The  swimming-bell  of  the  medusiform  gonophore  is  believed 
to  be  formed  by  a  great  development  of  an  inter-tentacular 
web  such  as  is  sometimes  present,  in  a  rudimentary  form,  in 
the  nutritive  zooids.  Sometimes  the  medusoid  becomes  quies¬ 
cent  towards  the  close  of  its  existence,  and  the  s\\  imming-be 
becomes  reversed  or  atrophied.  Lastly,  in  Clavatella,  the 
sexual  zooid,  though  free  and  locomotive,  is  not  provided  with 
a  swimming-bell,  but  creeps  about  by  means  of  suctorial  discs 

developed  on  branches  of  the  tentacles. 

As  we  have  seen,  the  generative  buds  of  the  Coryntda  may 
exist  in  the  following  chief  forms:  1.  As  “  sporosacs,  or 
simple  closed  sacs,  consisting  of  ectoderm  and  endoderm,  with 
a  central  cavity  in  which  ova  and  spermatozoa  are  produced 
2.  As  “disguised  medusoids,”  in  which  there  is  a  centra 
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manubrial  process  and  a  rudimentary  system  of  gonocalycine 
canals  ;  but  the  gonocalyx  remains  closed.  3.  As  complete 
medusoids,  which  have  a  central  manubrium,  a  complete  sys¬ 
tem  of  gonocalycine  canals,  and  an  open  gonocalyx;  but 
which  never  become  detached.  4.  As  perfect  medusiform 
gonophores  (fig.  59)  which  are  detached,  and  lead  an  inde¬ 
pendent  existence  for  a  time,  until  the  generative  elements  are 
matured.  In  whichever  of  these  forms  the  gonophore  may  be 
present,  the  place  of  its  origin  from  the  trophosome  may  vary 
in  different  species  of  the  order.  1.  They  may  arise  from  the 
sides  of  the  polypites,  as  in  Coryne  and  Stauridia ;  2.  They 
may  be  produced  from  the  ccenosarc,  as  in  Cordylophora ; 
3.  They  may  be  produced  upon  certain  special  processes, 
which  are  termed  “gonoblastidia,”  as  in  Hydractinia  and 
Dtcoryne.  These  gonoblastidia  (fig.  60,  g)  are  processes  from 


Fig 


60.  Diagram  of  sporosacs  supported 
Chitinous  investment  (periderm)  of  the 
Plt(v  g  Gonoblastidion,  or  columniform 
their  interior.  (Altered  from  Allman.) 


upon  a  gonoblastidion  (or  blastostyle).  a 
colony ;  b  Ectoderm  ;  c  Endoderm  ;  /  Poly¬ 
poid,  carrying  sporosacs  (s  s)  with  ova  in 


t  re  body-wall  or  crenosarc,  which  closely  resemble  true  poly¬ 
pites  in  form,  but  differ  from  them  in  being  usually  devoid  of 
a  mouth,  and  in  having  shorter  tentacles.  They  are,  in  truth, 
atrophied  or  undeveloped  polypites. 

I  he  gonoblastidia  are  the  “  blastostyles  ”  of  Prof.  Allman, 
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and  are  usually  columniform  in  shape.  I  hey  may  cany  spo- 
rosacs,  or  medusoid  gonophores ;  and  they  may  be  naked, 
or,  in  other  orders,  they  may  be  protected  within  a  chitmous 
receptacle  or  “gonangium.” 


As  regards  the  development  of  the  Corymda,  the  embryo  ,  is  vei> 
generally,  though  not  always,  what  is  known  as  a  “planula,  that 
is  to  say,  a  solid,  two-layered  locomotive  embryo,  with  the  external 
surface  covered  with  cilia  (fig.  61).  In  one  form  of  the  Corymda , 

however,  the  embryo  leaves  the  gono- 
phore  as  a  free  and  locomotive  polypite, 
and  in  another  it  is  non -ciliated  and 
amoeboid.  The  two  layers  of  cells,  which 
compose  the  planula  correspond  with  the 
ectoderm  and  endoderm  of  the  adult  ani¬ 
mal.  In  the  process  of  development,  a 
central  cavity  is  formed  in  the  planula, 
which  corresponds  with  the  “  gastro-vas- 
cular  ”  or  “  coelenteric  ”  space  of  the  adult, 
and  this  is  placed  in  communication  with 
the  exterior  by  the  formation  by  absorp¬ 
tion  of  a  primitive  mouth- opening  at  one 
pole,  the  embryo  becoming  thus  converted 
into  what  Haeckel  termed  a  “gastrula.” 
By  fixation  of  the  “gastrula”  at  its  hin¬ 
der  extremity  to  some  foreign  object,  and 
by  the  formation  of  tentacles  round  the 
mouth- opening  at  the  other  extremity,  a 
hydraform  polypite  is  at  once  produced, 
which  (if  not  belonging  to  one  of  the 
simple  forms)  proceeds  to  develop  the 
composite  adult  by  a  process  of  gemma¬ 
tion.  In  this  process  in  the  Corymda 
(as  also  in  the  Sertularida  and  Campamt- 
larida )  the  new  polypites  are  developed 
at  or  near  the  distal  end  of  the  hydro¬ 
soma,  the  distal  polypites  being  thus 
the  youngest ;  whereas  the  reverse  of  this  obtains  amongst  the  Oceanic 
Hydrozoa. 


Fig.  61.— Planula  of  a  Coelenterate 
animal,  showing  the  ectodermal 
and  endodermal  cells  and  the  cili¬ 
ated  surface.  Greatly  magnified. 


The  subject  of  the  reproduction  of  the  Corymda  having 
been  treated  at  some  length,  so  as  to  apply  to  the  remaining 
Hydroida ,  we  shall  now  give  a  brief  description  ol  the  leading 
types  of  structure  exhibited  by  the  order. 


Eudendrimn,  a  genus  of  the  Corymda,  which  is  not  uncommonly  found 
attached  to  submarine  objects,  usually  in  tolerably  deep  water,  may  k 
taken  as  a  good  example  of  the  fixed  and  composite  division  ol  the  ordei. 
The  hydrosoma  consists  of  numerous  polypites,  united  by  a  coenosarc, 
which  is  more  or  less  branched,  and  is  defended  by  a  horny  tubulai  pol)- 
narv  The  polypites  are  borne  at  the  ends  of  the  branches  and  branchlets, 
and^ are  not  contained  in  “  hydro, Uccx,”  the ;  po'yparj -  ending  abrupUy  a 
their  bases.  The  polypites  are  non-retractile,  of  a  reddish  colour,  an 
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provided  with  about  twenty  tentacles,  arranged  round  the  mouth  in  a 
single  row.  Tnbularia  (fig.  62)  is  very  similar  to  Eudendrium,  but  the 
hydrosoma  is  either  undivided  or  is  very  slightly  branched.  The  hydro- 
soma  consists  of  clustered  horny  tubes,  of  a  straw  colour,  and  not  unlike 
straws  to  look  at  ;  hence  the  common 
name  of  pipe  -  coralline  given  to  this 
zoophyte.  Each  tube  is  filled  with  a 
soft,  semi-fluid,  reddish  coenosarc,  and 
gives  exit  at  its  distal  extremity  to  a 
single  polypite.  The  polypites  are 
bright  red  in  colour,  and  are  not  re¬ 
tractile  within  their  tubes,  the  horny 
polypary  extending  only  to  their  bases. 

I  he  polypites  are  somewhat  conical  in 
shape,  the  mouth  being  placed  at  the 
apex  of  the  cone,  and  they  are  furnished 
with  two  sets  of  tentacles.  One  set 
consists  of  numerous  short  tentacles 
placed  directly  round  the  mouth;  the 
other  is  composed  of  from  thirty  to 
forty  tentacles  of  much  greater  length, 
arising  from  the  polypite  about13  its 
middle  or  near  the  base.  Near  the 
insertion  of  these  tentacles  the  genera¬ 
tive  buds  are  produced  at  proper  sea¬ 
sons.  The  generative  buds  remain  per¬ 
manently  attached,  but  each  is  furnished 
with  a  swimming-bell,  in  which  canals 
are  present.  The  manubrium  is  desti¬ 
tute  of  a  mouth,  and  “the  swimming- 
bell  is  converted  into  a  nursery  in  which 
the  embryo  passes  through  the  later 
stages  of  its  development  ”  (Hincks). 

Coryomorpha  nutans  may  be  taken  to 
represent  those  Corynida  in  which  there 
is  no  polypary  and  the  hydrosoma  is 
simple.  It  is  about  four  inches  in 
length,  and  is  fixed  by  filamentous 
roots  to  the  sand  at  the  bottom  of  the 
sea.  It  consists  of  a  single  whitish 
polypite,  striped  with  pink,  and  terminating  upwards  in  a  spear-shaped 
head,  r0Und  the  thickest  part  of  which  is  a  circlet  of  from  forty  to  more 
lonrr  TC  !Tdred  lon,g,  wl?',t.e  tentacles.  Above  these  comes  a  series  of 
second  "?nc  iln8  g°no  jlastidia,  bearing  gonophores,  and  succeeded  by  a 
,h  ter  set  °f  tentacles  which  surround  the  mouth.  The  gono- 
p  )  .  ecome  ultimately  detached  as  free-swimming  medusoids. 

Another  remarkable  example  of  the  Corynida  is  Hydractinia  (fig.  63). 
rrusi  wldC')llS  thC  P°  yP*tes  are  gregarious,  and  the  polypary  forms  a  horny 
tlin  n,  A.  Spread,S  °ver  shells  and  other  foreign  bodies.  The  tentacles  of 
t  l  “l  tlve  zt00lds  form  a  single  sub-alternate  series.  The  generative 
uuds  art  produced  upon  imperfect,  non-tentaculate  polypites,  and  are 
meie  sac-shaped  protuberances,  enclosing  diverticula  from  the  body-cavitv, 
ut  not  detached  from  the  parent  organism.  Besides  the  ordinary  poly- 
pues,  the  ccenosarc  carries  modified  polypites  in  the  form  of  long 
spirally- coiled  filaments,  which  have  clusters  of  thread-cells  at  their  free 
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Order  III.  Thecaphora  (=  Calyptoblastica ,  Allman).— 
This  order  comprises  Hydrozoa  in  which  ike  hydrosoma  is 
fixed,  and  consists  of  a  more  or  less  plant-like  colony ,  composed  of 


jr;„.  63.— Group  of  zoiiids  of  Hydractinia  cchinata,  enlarged. 
it  cl  Nutritive  zooidsj  It  b  Generative  zodids,  cairying  sacs 


(After  Hincks.) 
filled  with  ova. 


numerous  polypites  united  by  a  coenosarc.  A  firm  outer  layer  or 
“  periderm  ”  is  developed,  which  not  only  invests  the  ca’iiosau, 
but  is  also  prolonged  into  cup-like  receptacles  (‘‘  hydrotheca  ), 
within  which  the  individual  polypites  are  contained. 

The  Thecaphora  are  all  inhabitants  of  the  sea,  and  may  be 
divided  into  the  two  sub-orders  of  the  Sertularians  and  t  am- 
panularians.  They  resemble  the  _  Corynida  m  becoming  per¬ 
manently  fixed  after  their  embryonic  condition  by  a  hydrorhiza, 
which  is  developed  from  the  proximal  end  of  the  ccenosarc ; 
but  they  differ  in  the  fact  that  the  polypites  are  invariably  pro¬ 
tected  by  “  hydrothecse,”  or  little  cup-like  expansions  of  the 
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Polypary  (fig.  64,  C)  ;  whilst  the  hydrosoma  is  in  all  cases 
composed  of  more  than  a  single  polypite.  The  mouth  of  the 
hydrotheca  is  often  furnished  with  an  operculum  or  valve  for 


f  ig.  64.  Sertularida.  A,  Portion  of  the  colony  of  Diphasia  ( Sertnlaria )  tamnrisca  of 

C  Pomon/'of’ HW?Wln?  hv,ydr0LheCaVanud  female  ovarian  capsules  (gonangia).  B  anti 
C,  Portions  of  different  branches  of  the  same,  enlarged :  h  Hydrotheca;  •  a  Male 
gonangtum  ;  g  Female  gonangium.  (After  Hincks.)  jorotneca. ,  tr  Male 


its  closure.  Owing  to  the  presence  of  “  hydrothecte,”  the  name 
of  Calyptoblastic  Hydroids  ”  has  been  proposed  by  Profes¬ 
sor  Allman  for  the  Sertularians  and  Campanularians.  In  all 
these  forms,  also,  the  generative  buds  are  similarly  enclosed 
m  chitinous  receptacles — the  so-called  “gonothecne  ”  or  “gon¬ 
angia.  1  fie  ccenosarc  generally  consists  of  a  main  stem — 
or  “  hydrocaulus  ” — with  many  branches  ;  and  it  is  so  plant- 
ike  in  appearance  that  the  common  Thecaphora  are  almost 
always  mistaken  for  sea-weeds  by  visitors  at  the  sea-side.  It 
is  invested  by  a  strong  corneous  or  chitinous  covering,  or 
periderm.” 

Sub -order  I.  Sertularida. — The  Sertularians  or  “Sea- 
firs  are  Thecaphora  in  which  the  hydrotheca;  are  sessile,  and 
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placed  on  the  sides  of  the  coenosarc  (fig.  64) ;  while  the  gen¬ 
erative  buds  are  not  detached  from  the  parent-colony  as  free 
Medusoids.  In  the  typical  Sertularians,  the  ccenosarc  carries 
a  row  of  hydrothecas  on  its  two  sides  ;  but  in  the  Plumularians 
only  a  single  row  of  polypites  is  developed  (fig.  67). 

The  polypites  in  the  Sertularians  are  sessile  or  sub-sessile, 
hydra-form,  and  in  all  essential  respects  identical  with  those  of 
the  Corynida,  though  usually  smaller.  Each  polypite  consists 
of  a  soft,  contractile  and  extensile  body,  which  is  furnished  at 
its  distal  extremity  with  a  mouth  and  a  circlet  of  prehensile 
tentacles,  richly  furnished  with  thread-cells.  The  tentacles 
have  an  indistinctly  alternate  arrangement.  The  mouth  is 
simple  or  lobed,  and  is  placed,  in  many  cases,  at  the  extremity 
of  a  more  or  less  prominent  extensile  and  contractile  proboscis. 
The  mouth  opens  into  a  chamber  which  occupies  the  whole 
length  of  the  polypite,  and  is  to  be  regarded  as  the  combined 
body-cavity  and  digestive  sac.  At  its  lower  end  tins  chamber 
opens  by  a  constricted  aperture  into  a  tubular  cavity  which  is 
everywhere  excavated  in  the  substance  of  the  coenosarc.  The 


Kie  65. — Diagrams  of  the  gonntheca;,  with  their  con-  Fig.  66.  -  Ovarian  cap- 

tents  of  the  Sertularians  and  Campanularians.  «  sale  of  D,J>has,a  (Ser- 

rhitinous  envelope;  g  Central  gonoblastidton  or  tularin)  ‘A  4.  ' , ‘ 

hHstostyle  ‘  e  Medusiform  gonophores  carried  upon  h"m'.  f'^ter  '"~ 

d’e  blastostyie,  each  with  a  central  manubrium  in  Greatly  enlarged, 

the  walls  of  which  the  generative  elements  are  pro¬ 
duced  •  V  Sporosacs  carried  upon  the  blastostyle, 
each  with  a  central  pillar  (spadix)  round  which  the 
ova  are  developed.  (After  Allman). 

nutrient  particles  obtained  by  each  polypite  thus  serve  for  the 
support  of  the  whole  colony,  and  are  distributed  throughout 
the  entire  organism.  The  nutritive  fluid  prepared  in  the  in- 
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terior  of  each  polypite  gains  access  through  the  above-men¬ 
tioned  aperture  to  the  cavity  of  the  ccenosarc,  which  by  the 
combined  exertions  of  the  whole  assemblage  of  polypites  thus 
becomes  filled  with  a  granular  nutritive  liquid.  The  ccenosar- 
tal  fluid  is  in  constant  movement,  circulating  through  all  parts 
ot  the  colony,  and  thus  maintaining  its  vitality,  the  cause  of 
the  movement  being  probably  due  in  part,  at  any  rate,  to  the 
existence  of  vibrating  cilia.  The  generative  buds  (gonophores 
or  ovarian  vesicles)  are  usually  supported  upon  gonoblastidia, 
and  do  not  become  detached  in  the  true  Sertularids.  They 
are  developed  in  chitinous  receptacles  known  as  “gonothecce” 
(figs.  65,  66).  & 


Sometimes  the  “gonangium 
a  single  gonophore,  but  more 
commonly  it  contains  several, 
which  increase  in  maturity  as 
we  recede  from  the  base  of  the 
gonoblastidion  (or  blastostyle) 
and  approach  its  summit  (fig. 
65*  B)-  The  buds  carried  on 
the  sides  of  the  blastostyle  may 
have  the  form  either  of  sporo- 
sacs  or  of  medusoids.  The 
ova  may  be  directly  discharg¬ 
ed  into  the  surrounding  water, 
or  may  be  retained  for  some 
time  in  a  peculiar  receptacle, 

“  where  they  undergo  further 
development,  and  which  is  sup¬ 
ported  upon  the  summit  of  the 
gonangium,  and  lies  entirely 
external  to  its  cavity”  (Allman). 

In  Plumularia  and  some  of 
its  allies  there  occur  certain 
peculiar  structures,  to  which 
the  name  of  “  nematophores  ” 
has  been  applied.  Each  of 
these  consists  of  a  process  of 
the  ccenosarc,  which  is  invested 
by  the  horny  polypary,  with 
the  exception  of  the  distal  ex¬ 
tremity,  which  remains  open. 

I  he  nematophores  are  some¬ 
times  fixed,  sometimes  mov¬ 
able.  They  “constitute  cup-like 


or  “gonotheca  ”  contains  only 


I1  ig.  67. — Portion  of  a  branch  o  { Antennularia 
antennitia ,  enlarged.  (After  Allman.)  f> 
One  of  the  polypites  ;  n  n  n  Nematophores 
emitting  pseudopodial  filaments  of  sarcode  ; 
u'  Nematophore  with  its  sarcodic  contents 
quiescent ;  c  Ccenosarc  enclosed  within  the 
polypary. 

appendages  (fig.  67,  n  n)  formed 


K 


MANUAL  OF  ZOOLOGY. 


146 

of  chitine,  and  filled  with  protoplasm,  which  has  the  power  of 
emitting  pseudopodia  or  amceboid  prolongations  of  its  sub¬ 
stance,  and  having  their  cavity  in  communication  with  that  of 
the  common  tube  of  the  hydrocaulus”  (Allman).  Whilst  part 
of  the  sarcode  in  each  nematophore  is  capable  of  being  ex¬ 
tended  in  long  filaments  resembling  the  pseudopodia  of  an 
Amoeba,  another  portion  is  charged  with  large  thread-cells,  and 
is  not  capable  of  emission  in  this  way.  dhe  function  of  these 
extraordinarily  modified  zodids  is  uncertain. 


p:_  68 _ Portion  of  the  colony  of  Clyiia  (( Campanula via  Johnston!,  magnified. 

/  NutritWe  zooid  ;  .f  Capsules  in  which  the  reproductive  zoo.ds  are  produced. 

Sub-order  II.  Campanuearida.— The  members  of  this  order 
are  closely  allied  to  the  Sertularida  ;  so  closely,  indeed,  that 


CAM  PAN  U  LAR I  DA. 


147 


ver>'  often  united  together  into  a  single  group  The 
chief  difference  consists  in  the  fact  that  the  hydrothecse  of  the 
C a mpan ularida,  with  their  contained  polypites,  are  supported 
upon  conspicuous  stalks,  thus  being  terminal  in  position  (fig. 
68) ,  whilst  m  the  Seriularida  they  are  sessile  or  subsessile, 
and  are  placed  laterally  upon  the  branchlets.  The  gonophores 
also  in  the  Campanularida  are  usually  detached  as  free-swim¬ 
ming  medusoids,  whereas  they  re¬ 
main  permanently  attached  in  the 
Serlularians.  Each  medusoid  con¬ 
sists  of  a  little  transparent  glassy  bell, 
from  the  under  surface  of  which  there 
is  suspended  a  modified  polypite,  in 
the  form  of  a  “manubrium  ”  (fig.  69). 

The  whole  organism  swims  gaily 
through  the  water,  propelled  by  the 
contractions  of  the  bell  or  disc 
( gonocalyx )  ;  and  no  one  would  now 
suspect  that  it  was  in  any  way  related 
to  the  fixed  plant-hke  zoophyte  from 
which  it  was  originally  budded  off. 

The  central  polypite  is  furnished  with 
a  mouth  at  its  distal  end,  and  the 
mouth  opens  into  a  digestive  sac. 

From  the  proximal  end  of  this  stom¬ 
ach  proceed  four  radiating  canals 
which  extend  to  the  circumference 
of  the  disc,  where  they  all  open  into 
a  single  circular  vessel  surrounding 
the  mouth  of  the  bell.  From  the 
margins  of  the  disc  hang  also  a  num¬ 
ber  of  delicate  extensile  filaments  or 
tentacles;  and  the  circumference  is 
still  further  adorned  with  a  series  of 

brightly-coloured  spots,  which  are  probably  organs  of  sense. 

na^ent'm  thl°f  ^  ^  partiall7  c]osed  by  a  delicate  trans- 
tuted  t  ranCn  r  C,  ’  the  S°-Ca,led  “veil.”  Thus  consti- 
mmivV  l  fbCaU  Ut,  e  bemgs  Iead  an  independent  and  loco- 
the  f°r  a  °ngCr  0r  shorter  period.  Ultimately, 

^  "t‘al 1  elements  of  reproduction  are  developed  in  special 

I£  ’Tr  ed,  m  t  le  COUrse  of  the  radiating  canals  of  the 
he/,esu,ltlng  e,nbryos  are  ciliated  and  free-swimming, 
t  ultimately  fix  themselves,  and  develop  into  the  plant-like 
y  fl.om  vvhlch  fresh  medusoids  may  be  budded  off.  The 
ova  in  the  medusiform  gonophores  are  usually  developed  in 


frig.  69. — Free  medusiform  gono- 
phore  of  Clytia  Jo/instoni  (after 
Hincks).  a  Central  polypite  or 
manubrium  ;  b  b  Radiating  gas- 
tro-vascular  canals ;  c  Circular 
canal;  m  Marginal  bodies;  t 
Tentacles. 
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the  course  of  the  gonocalycine  canals,  and  not  between  the 
ectoderm  and  endoderm  of  the  manubrium,  as  is  the  case  in 
the  Corynida.  Examples  of  the  order  are  Campanularia , 
Obelia,  Laomedea ,  &c. 

Order  IV.  Thecomedus/e. — Professor  Allman  has  recently 
described,  under  the  name  of  Stephanoscyphus  mirabilis ,  a  very 
remarkable  Hydrozoon,  which  he  believes  to  form  the  type  ot  a 
new  order.  This  singular  organism  is  invariably  associated  with 
a  species  of  sponge,  in  the  substance  of  which  it  is  embedded. 
It  consists  of  a  congeries  of  chitinous  tubes,  which  permeate 
the  sponge-substance,  and  which  open  on  its  surface  by  large 
openings  resembling  oscula.  At  their  bases  the  tubes  are 
connected  by  horizontal  branches,  and  they  expand  widely 
as  they  approach  the  surface,  where  their  contents  become 
developed  into  a  remarkable  body,  which  has  the  power  of 
extending  itself  beyond  the  mouth  of  the  tube,  and  again  ot 
withdrawing  within  it.  This  body  is  furnished  with  a  crown 
of  tentacles,  and  is  essentially  medusiform  in  its  structure. 
There  is  a  circular  canal  at  the  base  of  the  tentacular  crown, 
surrounding  the  central  opening,  with  four  radiating  canals 
proceeding  backwards  from  this  ;  but  no  lithocysts,  ocelli,  noi 
velum  have  been  detected.  For  this  curious  organism,  Pro¬ 
fessor  Allman  proposes  the  formation  of  a  new  order  under  the 
name  of  Thccomedusce. 

Order  V.  Trachymeduste  ( Acalcpha ,  in  part). — The  organ¬ 
isms  included  in  this  order  are  free-swimming  medusiform  ani¬ 
mals ,  in  which  the  body  is  composed  of  a  single  swimming-bell 
(“  nectocalyx  ”),  from  the  roof  of  which  is  suspended  a  single  poly - 
pite.  A  system  of  gastro-vaseular  canals  {four,  six,  or  eight  m 
number)  is  developed  in  the  7 calls  of  the  swimming-bell ;  and  the 
reproductive  organs  are  developed  in  the  course  op  the  radiating 
canals.  The  swimming-bell  is  firm  or  semi-cartilaginous  m  con¬ 
sistence,  and  the  tentacles  are  stiff  and  solid. 

The  Trachy medusa  form  a  peculiar  group  of  the  organisms 
commonly  known  as  “Jelly-fishes,”  and  present  the  closest  re¬ 
semblance  in  general  appearance  to  the  tree-swimming  medusi¬ 
form  gonophores  of  the  fixed  Hydroid  Zoophytes.  1  he  body 
consists  of  a  single,  gelatinous,  bell-shaped  swimming-bell  (“nec- 
tocalyx  ”),  the  substance  of  which  is  usually  strengthened  by 
cartilaginous  ridges.  The  open  mouth  of  the  bell  (“  codonos- 
toma”)  is  restricted  by  the  development  of  an  in-growing  mem¬ 
branous  shelf  or  “  velum,”  and  from  the  roof  of  the  bell  is 
suspended  a  single  polypite  (“  the  manubrium  ”).  The  alimen¬ 
tary  cavity  of  the  polypite  is  prolonged  at  its  upper  end  into 
four,  six,  or  eight  simple  canals,  which  radiate  outwards  to  the 
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margin  of  the  bell,  where  they  are  connected  with  a  circular 
canal  running  round  the  circumference  of  the  nectocalyx  (fio- 
70);  the  whole  constituting  the  system  of  the  “  gastro  -  vas- 
cu  ai  ot  nectocalycine  canals,  hrom  the  margin  of  the 
nectocalyx  depend  marginal  tentacles,  which  are  solid,  and  are 


.wi^^eu‘^th(SSrt,)  r,°f-the  showing  the 

sense-organs  ’  He  Ce'Ural  P^VPite,  and  the  marginal  tentacles  and 


sid  or  slightly  movable.  Also  around  the  circumference  of 

wMrhWH^Inf'be  deposed  certain  “marginal  bodies,” 
winch  are  to  be  regarded  as  organs  of  sense,  and  as  being  of 

i!.rtin  r  f,ie  °f  au<ilt07  organs-  These  have  the  form  of  pro- 
Je  t  ng  filaments,  furnished  at  their  bases  with  a  sac  (“  otocyst  ”) 

con  aim ng  aid,  and  having  mineral  particles  in  its  interior. 

ese  marginal  auditory  organs  receive  nerve-filaments  from  a 
1  °n  e,.n|crve'ring  which  runs  round  the  circumference  of  the 

course  if  dJepr?dUCtive  0rgans  <fig‘  7 L  *)  are  placed  in  the 
ourse  of  the  radiating  nectocalycine  canals.  Lastly,  develop¬ 
ment  m  the  Fr achy  medusa  is  direct,  the  embryo  becoming 
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converted  into  the  adult  directly,  without  the  intervention  of 
an  intermediate  fixed  and  sexless  stage. 

From  the  above  description,  it  will  be  seen  that  there  exists 


Fie  7 1. —  Trachyncmn  digitate,  a  naked-eyed  Medusa,  fe 
Agassiz.)  p  Manubrium  or  central  polypite  ;  t  One  of 
gastro-vascular  canals  ;  o  One  of  the  ovaries. 


female,  enlarged.  (After  A. 
the  tentacles;  c  One  of  the 


a  close  superficial  resemblance  between  the  Tr achy  medusa  and 
the  free  medusiform  gonophores  of  the  Corynida  and  Thecaphora. 
In  both  sets  of  forms  the  organism  consists  of  a  single  swim¬ 
ming-bell  enclosing  a  single  polypite,  and  in  both  the  mouth  of 
the  bell  is  partially  constricted  by  the  development  of  a  shell¬ 
like  velum.  From  the  presence  of  this  “  veil  (which  is  want¬ 
ing  in  the  Acraspeda ),  the  name  of  “  Craspedote  Medusae  ” 
has  been  applied  as  a  common  designation  to  both  these 
groups  of  organisms.  In  both,  again,  the  “  gastro-vascular  ” 
canals  are  simple  in  structure  and  few  in  number  (lour,  six, 
or  eight),  in  which  respect  both  differ  from  the  great  Sea- 
blubbers  '{Acraspeda).  In  both,  finally,  there  is  a  double  mar¬ 
ginal  nerve-ring,  and  the  marginal  sense-organs  are  so  situated 
on  the  edge  of  the  swimming-bell  that  they  are  exposed  to 
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view.  Hence  the  name  of  “Naked-eyed  Medusae”  (Gym- 
nophthahnata)  formerly  given  to  these  organisms. 

On  the  other  hand,  the  Trachymedusce  differ  from  the  free 
medusiform  gonophores  of  the  fixed  Hydroids  in  the  following 
characters : — 

1.  The  nectocalyx  of  the  Trachymedusce  is  of  a  firmer  con¬ 
sistence  than  in  the  medusiform  gonophores,  and  is  often 
strengthened  by  cartilaginous  or  epithelial  ridges. 

2.  1  lie  tentacles  of  the  Trac/iy medusa  are  solid  throughout, 
and  are  either  quite  rigid,  or  are  capable  of  slight  movement! 
The  tentacles  of  the  medusiform  gonophores  are,  on  the  other 
hand,  hollow,  their  cavities  communicating  with  circular  o-astro- 
vascular  canal,  and  they  are  therefore  flexible. 

3.  The  “marginal  bodies”  of  the  Trachymedusce,  as  already 
seen,  are  auditory  in  function,  and 
consist  of  an  “  otocyst  ”  furnished 
with  delicate  auditory  hairs,  and  con¬ 
nected  with  projecting  filaments.  On 
the  other  hand,  in  the  medusiform 
gonophores  the  “  marginal  bodies  ” 
are  of  two  kinds,  which  are  usually  not 
associated  with  one  another.  One 
class  of  these  marginal  bodies  (fig. 

72,  C)  comprises  vesicular  structures 
(“  lithocysts  ”)  which  are  placed  on 
the  margin  of  the  swimming-bell,  and 
consist  of  a  sac  filled  with  a  transpar¬ 
ent  fluid  in  which  are  immersed  one  or 
two  apparently  calcareous  concretions 
or  some  minute  crystals.  These  organs 
are  probably  auditory  in  function. 

The  marginal  bodies  of  the  second 
class  (fig.  72,  b)  are  usually  not  de¬ 
veloped  along  with  the  preceding,  and 

have  the  form  of  masses  of  pigment  Fig\  72-— Margin  of  the  swim- 
enclosed  in  little  cavities  at  the  base 
of  the  tentacles.  These  so-called 
“  eye-specks  ”  or  “ocelli  ”  may  or  may 
not  have  in  their  interior  a  refracting 
body  in  addition  to  the  pigment. 

1  hey  are  supposed  to  be  rudimentary  organs  of  vision,  and 
their  exposed  position  on  the  edge  of  the  swimming-bell 
gave  use  to  the  name  of  “Naked-eyed  Meduste,”  applied 

by  Edward  borbes  to  the  jelly-fishes  which  possess  these 
structures. 


ming-bell  of  the  medusiform 
gonophore  of  Podocoryne , 
greatly  magnified.  (After 
Hincks.)  a  Circular  canal ;  b 
Ocellus ;  C,  Auditory  sac  or 
lithocyst ;  c  Calcareous  concre¬ 
tion  of  lithocyst ;  d  Tentacle. 
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4.  Lastly,  the  Trachymedusce  develop  themselves  directly , 
the  ovum  giving  rise  to  a  medusa  similar  to  the  parent.  On 
the  other  hand,  the  medusiform  gonophores  produce  ova  which 
are  developed  into  the  sexless  colony  from  which  the  gono¬ 
phores  were  budded  off,  an  “  alternation  of  generations  ”  being 
thus  established. 

The  Trachymedusce  are  inhabitants  of  the  sea,*  and  comprise 
the  three  families  of  the  Trachymedusce ,  eEginidic ,  and  Geryo- 
nidce.  In  the  JEginidce  the  radiating  gastro-vascular  canals  are 
replaced  by  long  pouch-like  extensions  of  the  gastric  cavity. 


CHAPTER  IX. 

SIPHONOTHORA. 

Sub-class  II.  Siphonophora.  —  The  members  of  this  sub¬ 
class  constitute  the  so-called  “  Oceanic  Hydrozoa ,”  and  are 
characterised  by  the  possession  of  a  “  free  and  oceanic  hydro¬ 
soma ,  consisting  of  sroeral  polypites  united  by  a  flexible,  contrac¬ 
tile,  unbranched  or  slightly-branched  ccenosarc,  the  proximal  end 
of  which  is  usually  furnished  with  ‘  nectocalyces]  and  is  dilated 
into  a  ( so matocyst  ’  or  into  a  1  pneumatophore  ’  ”  (Greene). 

All  the  Siphonophora  are  unattached,  and  permanently  free, 
and  all  are  composite.  They  are  singularly  delicate  organisms, 
mostly  found  at  the  surface  of  tropical  seas,  the  Portuguese 
man-of-war  ( Physalia )  being  the  most  familiar  member  ot  the 
group.  The  sub-class  is  divided  into  two  orders— viz.,  the 
Calycophoridce  and  the  Physophondce. 

Order  I.  Calycophorid/E. — This  order  includes  those 
Siphonophora  whose  hydro  soma  is  free  and  oceanic,  and  is  pro¬ 
pelled  by  “  nectocalyces  ”  attached  to  its  proximal  end.  The  hydro¬ 
soma  consists  of  sroeral  polypites,  united  by  an  unbranched  cceno- 
sarc,  which  is  highly  flexible  and  contractile,  and  nrver  develops 
a  hard  cuticular  layer.  The  proximal  end  of  the  hydrosoma  is 
modified  into  a  peculiar  cavity  called  the  “  somatocyst."  The  repro¬ 
ductive  organs  are  in  the  form  of  medusiform  gonophores  produced 
by  budding  from  the  peduncles  of  the  polypites. 

In  all  the  Calycophoridce  the  coenosarc  is  filiform,  cylindrical, 

1  A  little  Medusoid  ( Limnocodium  Soioerbyi)  has  been  found  in  great 
numbers  in  the  fresh-water  tank  containing  th Victoria  re fla  in  the  Regent’s 
Park  Botanic  Garden  ;  and  the  structure  of  this  allies  it  closely  to  the 
marine  Trachymedusic. 
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unbranched,  and  highly  contractile,  this  last  property  being  due 
to  the  presence  of  abundant  muscular  fibres.  “  The  proximal 
end  of  the  coenosarc  dilates  a  little,  and  becomes  ciliated  in¬ 
ternally,  forming  a  small  chamber”  which  communicates  with 
the  nectocalycine  canals.  “  At  its  upper  end  this  chamber  is 
a  it  tie  constricted,  and  so  passes,  by  a  more  or  less  narrowed 
channel,  into  a  variously-shaped  sac,  whose  walls  are  directly 
continuous  with  its  own,  and  which  will  henceforward  be  termed 
the  somatocyst  (fig.  73,  3  b ).  The  endoderm  of  this  sac  is  cili- 


oYa  rtS  ^“THydr°^  ’•  °f  ‘he  proximal  extremity 

^  2'  VtPia  f^cantha,  one  of  the  Calyco- 

Phoridl'aa’  p3  »  ^  ,0yP1'eS;  \  Tentacles.  3.  Diagram  of  a  Calyco- 
Hydrophyllium  or  br.-irr  •  *  nectocalyces  I  b  Somatocyst;  c  Coenosarc;  d 

figs.  ,  and  3  indicate  theVi  I  ^eduslf°rn’.g°nyr>1'ore  ;  /Polypite.  The  dark  lines  in 
ectoderm  (After  HuDey.)  '’  16  '‘ght  hne  wllh  the  cleai'  ^  indicates  the 


ated,  and  it  is  generally  so  immensely  vacuolated  as  almost  to 
Of  1  erate  1  le  internal  cavity,  and  give  the  organ  the  appearance 
of  a  cellular  mass”  (Huxley).  The  polypites  in  the  Calyco- 
p  ioiu.cz  o  ten  show  a  well-marked  division  into  three  portions, 
ermec  respectively  the  proximal,  median,  and  distal  divisions. 

lese  tie  proximal”  division  is  somewhat  contracted,  and 
'n?n^a  S  j^cies  Peduncle,  which  often  carries  appendages. 
((  ie  (nedian  portion  is  the  widest,  and  may  be  termed  the 
gastric  division,  as  in  it  the  process  of  digestion  is  carried 
°n-  t  is  usually  separated  from  the  proximal  division  by  a 
va  vular  inflection  of  the  endoderm,  which  is  known  as  the 
P>  011c  valve.”  1  he  polypites  have  only  one  tentacle  “  de- 
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veloped  near  their  basal  or  proximal  ends,  and  provided  with 
lateral  branches  ending  in  saccular  cavities,”  and  furnished 
with  numerous  thread-cells  (fig.  74,  t ).  1  he  proximal  ends  ot 
the  polypites  usually  bear  certain  overlapping  plates  of  a  pro- 


P:<T  ,,  — Calvcophoridae.  A,  Upper  portion  of  the  colony  of  Praya  maxima,  of  the 
rntTbeU(')  theaope(,^ng  o?theL.l  and  the  tentac.es  (,).  (After  Gegenbaur.) 


tective  nature,  which  are  termed  “  hydrophyllia  or  biacts. 
They  are  composed  of  processes  of  both  ectoderm  and  endo- 
derm  (fig.  73,  3  d),  and  they  always  contain  a  diverticulum 
from  the  somatic  cavity,  which  is  called  a  phylloc)st. 
CalycophoridcB  always  possess  swimming-bells,  or  “  nectocaly- 
ces  ”  by  the  contractions  of  which  the  hydrosoma  is  piopellea 
through  the  water  (fig.  73,  2).  The  nectocalyx  in  structure  is 
very  similar  to  the  “gonocalyx”  of  a  medusiform  gonophore,  as 
already  described;  but  the  former  is  devoid  of  the  gastric  or 
^enital  sac— the  “  manubrium  ’’—possessed  by  the  latter.  Kacli 
nectocalyx  consists  of  a  bell-shaped  cup,  attached  by  its  base 
to  the  hydrosoma,  and  provided  with  a  muscular  lining  in  the 
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interior  of  its  cavity,  or  “nectosac.”  There  is  also  always  a 
“velum”  or  “veil,”  in  the  form  of  a  membrane  attached  to 
the  mouth  of  the  nectosac  round  its  entire  margin,  and  leaving 
a  central  aperture.  The  peduncle  by  which  the  nectocalyx  is 
attached  to  the  hydrosoma  conveys  a  canal  from  the  somatic 
cavity  which  dilates  into  a  ciliated  chamber,  and  gives  off  at 
least  tour  radiating  canals,  which  proceed  to  the  circumference 
of  the  bell,  where  they  are  united  by  a  circular  vessel  j  the 
entire  system  constituting  what  is  known  as  the  system  of  the 
“  nectocalycine  canals.”  In  the  typical  Calycophoridce  two 
nectocalyces  only  are  present,  but  in  some  genera  there  are 
more.  In  Praya  the  two  nectocalyces  are  so  apposed  to  one 
another  that  a  sort  of  canal  is  formed  by  the  union  of  two 
grooves,  one  of  which  exists  on  the  side  of  each  nectocalyx. 
1  his  chamber,  which  is  present  in  a  more  or  less  complete 
form  in  all  the  genera,  is  termed  the  “  hydroecium,”  and  the 
ccenosarc  can  be  retracted  within  it  for  protection. 


I  lie  reproductive  bodies  in  the  Calycophoridce  are  in  the  form  of  medusi- 
form  gonophores,  which  are  budded  from  the  peduncles  of  the  polypites 
becoming  in  many  instances,  detached  to  lead  an  independent  existence! 
^\Tl-\?\  yCOp^°rld(C-  35  111  A6/la’  “each  segment  of  the  ccenosarc,  pro- 
,;dl*h  a  poI>'Plte>  tentacle,  reproductive  organ,  and  hydrophyllium, 
as  it  acquires  a  certa.n  size,  becomes  detached,  and  leads  an  independent 
Tn  «  re  °  US  reProductive  organ  serving  it  as  a  propulsive  apparatus. 

*  condition  it  may  acquire  two  or  three  times  the  dimensions  it  had 

m  hied’iantS0I!!e  of,lts  partS  become  wonderfully  altered  in 
(Huxley).  To  these  detached  reproductive  portions  of  adult  Caly- 


«  j  /  —  icuiuuuuuve  pc 

cophorida  the  term  “  Diphyozooids  ”  has  been  applied. 

It®  devel°Pment  of  the  Calycophoridce,  “not  only  the  new 
pol)  pites,  but  the  new  nectocalyces  and  reproductive  organs,  and  even  the 
tentacles,  are  developed 'on  the  proximal  side  of  the  ok! 
cess  of  1  hC  ^  appendages  are  the  oldest  ”  (Huxley).  The  pro- 
Hydroida  V  *  therefore  the  reverse  of  what  obtains  amongst  the 


Diphyes  (fig.  75),  which  may  be  taken  as  the  type  of  the 
Calycophoridce,  consists  of  a  delicate  filiform  ccenosarc,  pro- 
vuded  proximally  with  two  large  mitre-shaped  nectocalyces 
(av),  of  which  one  lies  entirely  on  the  distal  side  of  the  other. 
I  be  pointed  apex  of  the  distal  nectocalyx  is  received  into  a 
special  cavity  in  the  proximal  nectocalyx.  The  “  hydroecium  ” 
1  /S 1  .or.nict  partially  by  this  chamber  in  the  nectocalyx,  and 
partially  by  an  arched  groove  prolonged  upon  the  inner  surface 
o  ie  c  istal  nectocalyx,  within  which  the  ccenosarc  moves 
ree  )  up  and  down,  and  can  be  entirely  retracted  if  necessary. 

ie  upper  pait  of  the  ccenosarc  dilates  into  a  small  ciliated 
ca\  1  y,  rom  which  are  given  off  two  lubes,  which  proceed  re¬ 
spectively  to  the  distal  and  proximal  nectocalyces,  where  they 
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open  into  the  central  chamber  from  which  the  nectocaly- 
cine  canals  take  their  rise.  The  upper  portion  of  this  small  * 
ciliated  cavity  is  prolonged  proximally  into  the  larger  chamber 
of  the  “  somatocyst.”  The  coenosarc  (c) 
bears  polypites,  each  of  which  is  protected 
by  a  delicate  glassy  “  hydrophyllium.” 

Order  II.  Physophorid^e.— This  sec¬ 
ond  order  of  the  Oceanic  Hydrozoa  com¬ 
prises  those  Siphonophora  in  which  the  hy- 
drosoma  consists  of  several  polypites  muted 
by  a  flexible ,  contractile ,  unbranched  or  very 
slightly  branched  coenosarc ,  the  proximal  ex¬ 
tremity  of  which  is  modified  into  a  “  pneurna- 
tophoref  and  is  sometimes  provided  with 
“  nectocalycesP  The  polypites  have  either  a 
single  basal  tentacle ,  or  the  tentacles  cinse^ 
directly  from  the  coenosarc.  “  Hydrophyllia 
are  commonly  present.  The  reproductive  bodies 
are  developed  upon  gonoblastidia. 

Tire  coenosarc  in  the  Physophondce ,  like 
that  of  the  Calycophoridce ,  is  perfectly  flex¬ 
ible  and  contractile ;  but  it  is  not  neces¬ 
sarily  elongated,  being  sometimes  spheroidal 
or  discoidal.  The  proximal  end  ot  the 
coenosarc  “  expands  into  a  variously-shaped 
enlargement,  whose  walls  consist  of  both 
ectoderm  and  endoderm,  and  which  en- 
Fig.  7j.  —  Calycophor-  closes  a  wide  cavity  in  free  communication 
icia;.  Diphyesappendi-  with  that  of  the  coenosarc,  and,  like  it,  tun 
^ectocai  of  the  nutritive  fluid.  From  the  distal  end, 
lyx;  v'  Distal  necto-  or  apex  of  this  cavity  depends  a  sac,  vari- 
t'l&n^-arc,  'carrying  ously  shaped,  but  always  with  tough,  StlOllg, 
polypites  each  with  its  ^  elastic  walls,  composed  of  a  substance 
which  is  stated  to  be  similar  to  chitine 
in  composition,  and  more  or  less  completely  filled  with 
air”  (Huxley).  The  large  proximal  dilatation  of  the  cceno¬ 
sarc  is  termed  the  “  pneumatophore,”  whilst  the  chitinous 
air -sac  which  it  contains  is  termed  the  “  pneumatocyst 
(fi>r.  T',  i).  The  pneumatocyst  is  held  in  position  by  the 
reflection  of  the  endoderm  of  the  pneumatophore  over  it,  and 
it  doubtless  acts  as  a  buoy  or  “float.”  In  the  Portuguese 
man-of-war  (. Physalia )  the  pneumatocyst  communicates  with 
the  exterior  by  means  of  an  aperture  in  the  ectoderm  oi  the 
pneumatophore.  In  Velella  and  Porpita  the  pneumatocyst 
communicates  with  the  exterior  by  means  of  several  similar 
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openings  called  “stigmata”;  and  from  its  distal  surface  de¬ 
pend  numerous  slender  processes  containing  air,  and  known 
as  “pneumatic  filaments.” 


Fig.  76.— Physophorid*. 

‘  "  *  ""V/'*  •  J'  jl  iic  piiw 

pites  ;  t  Tentacles.  B,  Physalia  pelagica. 

showing  (o)  the  month '’A’"T  ‘"c  small?lf  polypites  (phyogemmaria)  of  the  same, 

huds.  S  W  mouth,  (f)  elevations  studded  with  thread-cells,  and  (/«)  medusoid 


nectocalyces  ;  A  /t  Hyd^^Poffifi  ^^^eumatophorc  ;  »  «  The 
C,  /  spirans.  D,  One  of  the  smaller 


1  he  polypites  of  the  Physophorida  resemble  those  of  the 
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Calycophoridce  in  shape,  but  the  tentacles  have  a  much  more 
complicated  structure,  and  are  sometimes  many  inches  in 
length,  as  in  Physciha.  The  “  hydrophyllia  have  essentially 
the°same  structure  as  those  of  the  former  order.  There  occur 
also  in  the  Physophovidcz  certain  peculiar  bodies,  termed 
“hydrocysts”  or  “feelers”  (“Fiihler”  and  “Taster”  of  the 
Germans).  These  resemble  immature  polypites  in  shape, 
consisting  of  a  prolongation  of  both  ectoderm  and  endoderm, 
usually  with  a  tentacle,  and  containing  a  diverticulum  of  the 
somatic  cavity,  the  distal  extremity  being  closed,  and  furnished 
with  numerous  large  thread-cells.  I  hey  are  looked  upon  as 
“  organs  of  prehension  and  touch,”  and  they  are  in  some  re¬ 
spects  analogous  to  the  “  nematophores  ”  of  the  Plumularians. 

As  regards  the  reproductive  organs,  they  are  developed 
upon  special  processes  or  “  gonoblastidia,  and  they  may  re¬ 
main  permanently  attached,  or  they  may  be  thrown  off  as 
free-swimming  medusoids.  In  many  of  the  Physophonda  the 
male  and  female  gonophores  differ  from  one  another  in  form 
and  size,  and  they  are  then  termed  respectively  “  andro- 
phores”  and  “  gynophores.”  As  regards  their  development, 
the  PhysophoridcR  obey  the  same  general  law  as  the  Calyco¬ 
phoridce. 


In  Physophora  (fig.  76,  A)  the  hydrosoma  consists  of  a  filiform  ccenosarc, 
which  bears  the  polypites  and  their  appendages,  and  dilates  proximally  into 
a  pneumatophore.  Below  this  point  the  ccenosarc  bears  a  double  row  of 
nectocalyces,  which  are  channelled  on  their  inner  faces  to  allow  of  their 
attachment  to  the  ccenosarc.  There  are  no  hydrophyllia,  but  there  is  a 
series  of  “  hydrocysts  ”  on  the  proximal  side  of  the  polypites. 

Ph  vs  alia,  or  the  Portuguese  man-of-war  (fig.  76,  B)  is  composed  of  a 
large,  bladder-like,  fusiform  “  float  ”  or  pneumatophore— sometimes  from 
ei<rht  to  nine  inches  in  length — upon  the  undersurface  of  which  are  arranged 
a  number  of  polypites,  together  with  highly  contractile  tentacles  of  great 
length,  “  hydrocysts, ”  and  reproductive  organs.  Physalue  are  of  common 

occurrence,  floating  at  the  surface  of  tropical  seas. 

In  Velella  (fig.  76,  C)  the  hydrosoma  consists  of  a  widely  expanded  pneu¬ 
matophore  of  a  rhomboidal  shape,  carrying  upon  its  upper  surface  a  dia¬ 
gonal  vertical  crest.  Both  the  horizontal  disc  and  the  vertical  crest  are 
composed  of  a  soft  marginal  “limb,”  and  a  central  more  consistent  firm 
mrt  ”  “To  the  distal  surface  of  the  firm  part  of  the  disc  are  attached  the 
several  appendages,  including— 1,  a  single  large  polypite,  nearly  central  in 
position-  2  numerous  small  gonoblastidia,  which  resemble  polypites,  and 
are  termed  ‘  phyogemmaria  ’  ;  and,  3,  the  reproductive  bodies  to  which 
these  list  give  rise.  The  tentacles  are  attached,  quite  independently  of 
he  polVpites,  in  a  single  series  along  the  line  where  the  firm  part  and  limb 
of  the  disc  unite.  There  are  no  hydrocysts,  nectocalyces,  or  hydrophyllia. 

On  all  sides  the  limb  is  traversed  by  an  anastomosing  system  ot 
rin'als'  which  are  ciliated,  and  communicate  with  the  cavities  of  the  phyo- 
gemmaria  and  Targe  centr’al  polypite”  (Greene).  The  VelclU  float  near  the 
surface  of  the  sea,  with  the  vertical  crest  exposed. 
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CHAPTER  X. 

LUCERNARIDA  AND  GRAFT  OL 1  TO  IDE  A . 


Lucernarida. 

Sub-class  III.  Lucernarida  (Scyphomedusa ;  Acalepha ,  in 
part).  1  he  members  of  this  sub-class  may  be  defined  as 
Hydrozoa  in  which  the  base  of  the  hydrosoma  is  developed  into 
disc-shaped  or  cup-like  structure  ( the  “  umbrella  ”),  in  the  walls 
of  whtih  the  reproductive  organs  are  produced.  The  edge  of  the 
u  mb/ 1 1 la  is  lobed,  and  no  “  veil  ”  is  present .*  The  sense-organs 
aie  placed  on  the  under  side  of  the  disc,  and  are  hidde/i  from 
view. 

A  large  number  of  forms  included  in  the  Lucernarida  were 
described  by  Edward  Forbes  under  the  name  of  Steganopthal- 
mate  Medusa,  being  in  external  features  in  many  respects 
similar  to  the  T rachymedusa  and  medusiform  gonophores. 
I  hese  so-called  “  hidden-eyed  ”  Medusa  are  familiar  to  every 
one  as  sea-blubbers  ”  or  “  sea-jellies,”  and  they  occur  in  great 
numbers  in  the  shallow  parts  of  the  sea.  Besides  these  forms, 
we  may  include  in  this  division  the  less  familiar  organisms  of 
which  Lucernaria  itself  is  the  type. 

The  Lucernarida  may  be  divided  into  the  two  principal 
sections  of  the  Calycozoa  and  the  Acraspeda,  of  which  the 
former  includes  only  the  small  group  of  the  Lucernariada. 


Section  A.  Calycozoa. 

Order  Lucernariad/e. — In  the  members  of  this  group 
the  body  is  cup-shaped,  and  is  fixed  by  a  proximal  hydrorhiza. 
t  consists  of  a  single  polypite  with  four  gastro-vascular  pouches 
separated  by  as  many  narrow  septa.  The  edge  of  the  umbrella 
carries  short  tentacles,  and  the  reproductive  elements  are  developed 
in  the  primitive  polypite,  within  the  umbrella. 

In  Lucernaria  (fig.  77),  which  may  be  taken  as  the  type  of 
tlie  order,  the  body  is  campanulate  or  cup-shaped,  and  is 
attached  proximally  at  its  smaller  extremity  by  a  hydrorhiza, 
unci,  owever,  like  that  of  the  Hydra,  is  not  permanently 
tixed.  U  hen  detached,  the  animal  is  able  to  swim  with  toler¬ 
able  rapidity  by  means  of  the  alternate  contraction  and  expan¬ 
sion  0  the  umbrella.  Around  the  margin  of  the  umbrella  are 


.f*le  Charybdea  are  included  in  this  sub-class,  the  total  absence  of  a 
\e  um  is  not  a  universal  character,  as  these  forms  possess  a  veil,  into 
"  llc  h  1<nvever>  the  gastro-vascular  canals  send  branches. 
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tufts  of  short,  solid  tentacular  processes,  and  in  its  centre  is  a 
polypite  with  a  quadrangular  four-lobed  mouth,  lhe  mouth 
opens  into  a  gastric  cavity  which  is  prolonged  at  its  four  angles 

into  four  wide  gastro-vascular  pouches, 
between  which  are  four  narrow  parti¬ 
tions.  Eacli  of  these  septa  carries  on 
each  side  a  band-like  generative  organ, 
so  that  there  are  eight  reproductive 
organs  in  all.  Development  is  direct, 
the  ciliated  embryo  becoming  con¬ 
verted  directly  into  the  adult  without 
the  intervention  of  an  intermediate 
sexless  zooid.  Allied  to  Lucernana 
are  other  genera  ( Carduella ,  Depas- 
tnnn ,  &c.) ;  all  the  known  forms  being 
marine,  and  being  confined  to  northern 
seas. 

Section  B.  Acraspeda  (. Discophora ). 

This  section  includes  the  most  typ¬ 
ical  members  of  the  Lucernarida,  all 
of  which  are  more  or  less  medusiform, 
though  they  may  pass  through  a  hy- 
draform  stage  in  their  development. 
In  their  adult  condition  they  all  pos¬ 
sess  a  gelatinous  disc  or  swimming-bell 
_ the  “umbrella”- — formed  of  exceed¬ 
ingly  loose  connective-tissue  saturated 
with  sea -water.  Histologically,  the 
tissue  of  the  umbrella  may  exhibit  no  formed  elements ,  but 
it  commonly  consists  of  a  network  of  fibres,  and  may  con¬ 
tain  in  addition  branched  or  radiated  nucleated  cells,  the 
processes  of  which  anastomose  with  one  another.  biom 
the  under  side  of  the  umbrella  hangs  a  single  polypite 
(greatly  modified  in  the  Rhizostoviata) ;  and  the  process  ot 
development  may  be  direct,  or  may  exhibit  an 


to  a  piece  of  sea-weed.  (After 
Johnston.) 


‘alternation  of 


generations.”  . 

The  swimming -bell  or  “umbrella”  of  the  Acraspeda  is 
superficially  closely  similar  to  the  nectocalyx  of  one  of  the 
Trachymedusce  or  of  a  medusiform  gonophore ;  but  it  is  distin¬ 
guished  by  the  following  peculiarities:  r.  The  umbrella  of 
the  Acraspeda  is  not  furnished  with  a  velum,  as  is  the  necto 
calyx  of  the  Medusae.  [In  the  Chary bdece ,  sometimes  included 
here,  a  velum  of  a  peculiar  type  is  present.]  From  the  absence 
of  a  velum,  the  members  of  this  section  are  termed  “  Acras- 
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pedote  Medusae,”  to  distinguish  them  from  the  so-called 
“  Craspedote  Medusae,”  in  which  this  structure  is  developed. 
2.  The  radiating  gastro-vascular  canals  are  never  less  than 
eight  in  number,  and  they  typically  subdivide  in  the  substance 
of  the  umbrella,  so  as  to  give  rise  to  a  network  of  vessels ; 
whereas,  in  the  Craspedote  Medusae,  these  canals  are  never 
more  than  eight,  and  do  not  form  a  network.  3.  The  margin 
of  the  umbrella  is  cut  into  lobes,  and  the  marginal  sense-organs 
are  protected  and  hidden  from  view  by  processes  of  these 
lobes.  Hence  the  name  of  “Hidden-eyed”  Medusae  ( Stcga/i - 
ophihalmata)  applied  to  these  forms  by  Edward  Forbes,  to  dis¬ 
tinguish  them  from  the  “  naked-eyed  ”  or  Craspedote  Medusae. 
4.  In  place  of  the  separate  and  unprotected  auditory  “  vesicles  ” 
and  “  ocelli  ”  of  the  Craspedote  Medusae,  the  marginal  bodies 
of  the  A  era  sped  a  consist  of  these  bodies  combined  together 
into  single  organs,  which  are  termed  “  lithocysts.”  5.  The 
nervous  system  has  not  the  form  of  a  double  marginal  nerve- 
cord,  but  of  separated  ganglia  placed  round  the  edge  of  the 
disc,  and  connected  directly  with  the  marginal  bodies.  There 
is  also  a  nervous  plexus  developed  in  the  inferior  portion  of 
the  umbrella  (“  sub-umbrella  ’).  6.  The  gastric  cavity  is  fur¬ 

nished  on  its  inferior  wall  with  numerous  movable  tentacular 
processes  (“gastric  filaments”),  which  appear  to  be  connected 
with  the  process  of  digestion. 

1  he  Acraspeda  may  be  divided  into  two  sections,  according 
as  they  have  a  polypite  of  the  ordinary  type,  with  a  single 
central  mouth  ( Monostomata ),  or  have  a  specially  modified 
polypite  without  a  definite  central  mouth  (. Rhizostomata ).  In 
the  former  of  these  groups  are  comprised  various  “  Sea- 
blubbers  which  agree  in  their  essential  structural  features, 
but  differ  in  their  mode  of  development.  Thus  in  some  cases 
(. Pelagidee )  the  ovum  develops  directly  into  a  Steganophthal- 
mate  Medusid,  which  produces  the  reproductive  organs,  so 
that  there  is  no  “alternation  of  generations.”  In  other  cases, 
again,  as  in  Aurelia  and  Cyanea,  there  is  such  an  alternation, 
the  Hidden-eyed  Medusid  being  only  one  stage  of  the  organ¬ 
ism,  and  being  preceded  by  a  sexless  hydraform  stage  (the 
Hydra-tuba). 

Whether  developed  directly  from  a  form  like  itself,  or  pro¬ 
duced  by  fission  from  a  fixed  and  sexless  zobid,  the  Steganoph- 
thalmate  Medusid  is  in  these  monostomatous  forms  similarly 
constructed  (figs.  78  and  80).  It  consists,  namely,  of  a  bell¬ 
shaped  gelatinous  disc,  the  “  umbrella,”  from  the  roof  of  which 
is  suspended  a  large  polypite,  the  lips  of  which  are  extended 
into  lringed  or  lobed  processes  often  of  considerable  length, 


i62 


MANUAL  OF  ZOOLOGY. 


“  the  folds  of  which  serve  as  temporary  receptacles  for  the  ova 
in  the  earlier  stages  of  their  development.”  The  polypite — 
manubrium  or  proboscis — is  hollowed  into  a  digestive  sac, 


which  communicates  with 
a  gastric  cavity  in  the  roof 
of  the  umbrella,  from  which 
arises  a  series  of  radiating 
canals,  the  so-called  “  gas- 
tro  -  vascular  ”  or  “  chyl- 
aqueous  canals.”  These 
canals,  which  are  never 
less  than  eight  in  number, 
branch  freely  and  anasto¬ 
mose  as  they  pass  towards 
the  periphery  of  the  um¬ 
brella,  while  the  entire 
series  is  connected  by  a 
circular  marginal  canal. 
This,  in  turn,  sends  tu¬ 
bular  processes  into  the 
marginal  tentacles,  which 
are  often  of  great  length. 
Besides  the  tentacles,  the 
margin  of  the  umbrella  is 
furnished  with  a  series  of 
peculiar  bodies,  termed 
“lithocysts,”  each  of  which 


Fig.  78. — Chrysaora  ) 'lysoscclla ,  one  of  the 
Pelagidce. 


is  protected  by  a  sort  of  process  or  hood  derived  from  the 
ectoderm,  and  consists  essentially  of  a  combined  “vesicle” 
and  “  pigment-spot,”  such  as  have  been  described  as  occurring 
separately  in  the  Craspedote  Medusa.  These  marginal  bodies 
likewise  communicate  with  the  gastro-vascular  canals.  The 
reproductive  organs  are  typically  in  the  form  of  four  folded 
bands  (fig.  80,  r),  which  project  into  as  many  special  cavities 
(the  “  sub-genital  pits  ”)  in  the  floor  of  the  great  gastric  cavity. 
Being  usually  of  some  bright  colour,  the  reproductive  organs 
“  form  a  conspicuous  cross  shining  through  the  thickness  ol 
the  disc  ”  (Greene). 

Such  an  Acraspedote  Medusa  as  above  described  may  con¬ 
stitute  the  entire  organism  (as  in  Pelagia  and  Chrysaora ),  and 
its  ova  may  be  directly  developed  into  a  body  similar  to  itself. 
More  usually,  there  is  an  alternation  of  generations,  the  ovum 
giving  rise  to  a  fixed  and  sexless  zobid  from  which  the  sexual 
zodid,  or  Medusid,  is  produced  by  fission.  The  following  is 
a  summary  of  the  life-history  of  those  Acraspeda  in  which,  as 
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in  Aurelia ,  the  latter  method  of  development  obtains.  The 
embryo  (fig:  79,  a)  is  a  free-swimming,  oblong,  ciliated  body, 
termed  a  “  planula,”  of  a  very  minute  size,  and  composed  of 


g'c 7J:  Development  of  Aurelia ,  one  of  the  Acraspedote  Medusa,  a  Ciliated  free- 
lmming  embryo,  or  ‘  planula”;  b  Hydra-tuba;  c  Hydra-tuba  in  which  fission 
t.aL  s^erably  advanced,  and  the  “Strobila”  stage  has  been  reached;  d  Hydra- 
tuba  in  which  the  fission  has  proceeded  still  further,  and  a  large  number  of  the 
segments  have  been  already  detached  to  lead  an  independent  existence 


an  outer  and  inner  layer,  enclosing  a  central  cavity.  The 
planula  soon  becomes  pear-shaped,  and  a  depression  is  formed 
at  its  larger  end.  “Next,  the  narrower  end  attaches  itself  to 
some  submarine  body,  whilst  the  depression  at  the  opposite 
extremity,  becoming  deeper  and  deeper,  at  length  communi¬ 
cates  with  the  interior  cavity.  Thus  a  mouth  is  formed, 
around  which  may  be  seen  four  small  protuberances,  the 
rudiments  of  tentacula.  In  the  interspaces  of  these’  four 
new  tentacles  arise ;  others  in  quick  succession  make  their 
appearance,  until  a  circlet  of  numerous  filiform  appendages, 
containing  thread-cells,  surrounds  the  distal  margin  of 'the 
Hydra-tuba’  ( b ),  as  the  young  organism  at  this  stage  of 
its  career  has  been  termed  by  Sir  J.  G.  Dalyell.  The  mouth, 
in  the  meantime,  from  being  a  mere  quadrilateral  orifice, 
giows  and  lengthens  itself  so  as  to  constitute  a  true  polypite, 
occupying  the  axis  of  the  inverted  umbrella  or  disc,  which 
supports  the  marginal  tentacles.  The  space  between  the 
walls  of  the  polypite  and  umbrella  is  divided  into  longitudinal 
canals,  whose  relations  to  the  rest  of  the  organism,  and, 
indeed,  the  whole  structure  of  Hydra-tuba ,  closely  resemble 
what  may  be  seen  in  Lucernana  ”  (Greene,  ‘  Manual  of 
Gcelenterata ’).  I  he  Hydra  -  tuba  thus  constitutes  the  fixed 
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“  Lucemaroid,”  or  the  “  trophosome  ”  of  one  of  the  Acraspeda. 
In  height  it  is  less  than  half  an  inch,  but  it  possesses  the 
power  of  forming,  by  gemmation,  large  colonies,  which  may 
remain  in  this  condition  for  years,  the  organism  itself  being 
incapable  of  producing  the  essential  elements  of  generation. 
Under  certain  circumstances,  however,  reproductive  zooids  are 
produced  by  the  following  singular  process  (fig.  79).  The 
Hydra-tuba  becomes  elongated,  and  becomes  marked  by  a 
series  of  grooves  or  circular  indentations,  extending  trans¬ 
versely  across  the  body,  from  a  little  below  the  tentacles  to 
a  little  above  the  fixed  extremity.  At  this  stage  the  organism 
was  described  as  new  by  Sars,  under  the  name  “  Scyphistoma." 
The  annulations  or  constrictions  go  on  deepening  and  become 
lobed  at  their  margin,  till  the  Scyphistoma  assumes  the  aspect 
of  a  pile  of  saucers,  arranged  one  upon  another  with  their 
concave  surfaces  upwards.  This  stage  was  described  by  Sars 
under  the  name  of  “ Strobila”  (c).  The  tentacular  fringe 
which  originally  surrounded  the  margin  of  the  Hydra-tuba 
now  disappears,  and  a  new  circlet  is  developed  below  the 
annulations,  at  a  point  a  little  above  the  fixed  extremity  of 
the  Strobila  (c).  “The  disc-like  segments  above  the  tentacles 
gradually  fall  off,  and,  swimming  freely  by  the  contractions  of 
the  lobed  margin  which  each  presents,  they  have  been  described 
by  Eschscholtz  as  true  Medusida  under  the  name  of  Ephyra 
(d).”  Each  Ephyra,  however,  soon  shows  its  true  nature  by 
becoming  developed  into  a  free-swimming  reproductive  zooid, 
usually  of  large  size,  with  umbrella,  hooded  lithocysts,  and 
tentacles,  constituting,  in  fact,  a  Steganophthal, mat e  Medusa 
(fig.  So).  The  reproductive  zooid  now  swims  freely  by  the 
contraction  of  its  umbrella,  and  it  eats  voraciously  and  in¬ 
creases  largely  in  size.  The  essential  elements  of  generation 
are  then  developed  in  special  cavities  in  the  umbrella,  and  the 
fertilised  ova,  when  liberated,  appear  as  free-swimming,  ciliated 
“  planulae,”  which  fix  themselves,  become  Hydra-tuba ,  and 
commence  again  the  cycle  of  phenomena  which  we  have  above 
described. 

As  regards  the  size  of  these  reproductive  zooids  as  compared 
with  the  organism  by  which  they  are  given  oft,  it  may  be  men¬ 
tioned  that  the  umbrella  of  Cyanea  arctica  has  been  found  in 
one  specimen  to  be  seven  feet  in  diameter,  with  tentacles  more 
than  fifty  feet  in  length,  the  fixed  Lucemaroid  from  which  it 
was  produced  not  being  more  than  half  an  inch  in  height. 

The  Rhizostomatous  types  of  the  Acraspeda,  as  represented 
by  Rhizostoma  itself  (figs.  81,  82),  pass  through  a  development 
essentially  similar  to  that  seen  in  the  typical  Monostomatous 
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forms.  They  differ  from  the  latter,  however,  in  not  possessing 
tentacles  on  the  margin  of  the  umbrella,  and  in  having  the 
simple  central  polypite  replaced  by  a  composite  dendriform 


Fig.  80. — Aurelia  aurita,  seen  from  the  under  surface,  reduced  in  size  (after  Claus  and 
Sedgwick).  I  One  of  the  four  oral  lobes,  in  the  centre  of  which  is  placed  the 
mouth  ;  t  Tentacles  attached  to  the  lobed  margin  of  the  umbrella  ;  c  One  of  the 
radial  gastro-vascular  canals  ;  in  One  of  the  marginal  bodies ;  r  Reproductive 
organ  ;  go  Opening  of  one  of  the  four  sub-genital  pouches. 


process,  which  projects  far  below  the  umbrella.  This  central 
tree-like  mass  is  divided  into  branches  (“  stomatodendra  ”), 
which  are  covered  with  club-shaped  tentacles,  interspersed 
with  tufted  suctorial  tubes  furnished  with  terminal  apertures. 
By  Professor  Huxley  these  suctorial  tubes  have  been  regarded 
as  modified  polypites.  There  is  in  reality,  however,  but  a 
single  central  polypite,  the  mouth  of  which  becomes  obliterated 
at  an  early  stage  of  development;  and  the  apparent  polypites 
of  the  “stomatodendra”  are  really  mouth-like  apertures  formed 
by  the  extraordinarily  complex  manner  in  which  the  oral  lobes 
are  folded,  and  serving  for  the  admission  of  nutritive  particles. 

The  Acraspedote  Mcdttsce  are  wholly  marine ;  and  they  not 
only  attain  a  comparatively  gigantic,  and  sometimes  an  actually 
colossal,  size,  but  they  are  found  in  countless  numbers  in  most 
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oceans.  Usually  they  swim  near  the  surface,  and  show  them¬ 
selves  very  sensitive  to  alterations  of  light  and  temperature. 
In  some  cases,  they  crawl  about  on  the  sea-bottom  in  shallow 


Fig.  81.—  Rhizostomata.  Generative  zooid  of  R hizostoffta 
(after  Owen),  a  Umbrella ;  bb  “  Stomatodendra,”  covered  Fig.  82.— Generative  zodid  of 
with  clavate  tentacles  and  minute  suctorial  tubes;  cc  R  hizostoma  fiulmo,  reduced 
Anastomosing  network  of  canals.  m  size.  (After  Gosse.) 

water.  Sometimes  they  have  been  seen  to  lie  at  the  bottom, 
with  the  base  of  the  umbrella  turned  downwards  and  the  arms 
directed  upwards,  expanded  like  a  flower.  Often  they  shelter 
various  “commensals”  beneath  their  discs,  especially  fishes 
and  different  forms  of  Crustaceans.  They  are  often  brightly 
coloured,  and  many  of  them  phosphoresce  brilliantly  when 
irritated.  In  spite  of  their  want  of  any  hard  structures,  they, 
like  some  of  the  Craspedote  Medusa:,  are  not  absolutely  un¬ 
known  as  fossils,  the  impressions  left  by  their  stranded  discs 
on  the  mud  of  the  sea-shore  being  sometimes  found  in  fine¬ 
grained  rocks.  In  this  way,  it  is  known  that  they  date  from 
the  Jurassic  period,  at  any  rate. 

Graptolitoidea. 

Sub-class  IV.  Graptolitoidea  ( =  Rhabdophora,  Allman). 
— The  organisms  included  at  present  under  this  head  are  all 
extinct,  and  they  are  in  many  respects  so  dissimilar,  and  their 
structure  is  so  far  from  being  entirely  understood,  that  it  is 
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doubtful  if  any  definition  can  be  framed  which  will  include  all 
the  supposed  members  of  the  family.  The  following  definition, 
however,  will  include  all  the  most  typical  Graptolites  : — 

Hydrosoma  compound,  occasionally  branched,  consisting 
of  numerous  polypites  united  by  a  ccenosarc ;  the  latter  being 
enclosed  in  a  strong,  tubular,  chitinous  polypary,  whilst  the 
former  were  protected  by  hydrothecae.  In  the  great  majority 
of  Graptolites  the  hydrosoma  was  certainly  unattached ;  but 
in  some  aberrant  forms— doubtfully  belonging  to  the  sub-class 
— there  is  reason  to  believe  that  the  hydrosoma  was  fixed.  In 
many  cases  the  hydrosoma  was  strengthened  by  a  chitinous 
rod,  the  “solid  axis”  or  “virgula,”  somewhat  analogous  to 
the  chitinous  rod  which  strengthens  the  polyzoary  in  the 
singular  Polyzoon  Rhabdopleura.  This  axial  rod  "lies  in  a 
groove  on  the  dorsal  side  of  the  polypary  (i.e.,  on  the  side 
opposite  to  that  on  which  the  hydrothecse  are  developed),  and 
it  may  be  prolonged  beyond  one  or  both  ends  of  the  colony. 
The  polypary  is  typically  furnished  at  its  proximal  end  with 
a  minute  triangular  or  dagger-shaped  spine  (the  “sicula”) 
which  represents  the  embryonic  skeleton. 

Taking  such  a  simple  Graptolite  as  Monograptus  priodon 
(fig.  83)  as  the  type  of  the  sub-class,  the  hydrosoma  is  found 
to  consist  of  the  “axis”  (“virgula”),  the  ccenosarc  (“common 
canal”),  and  the  hydrothecas  (“cellules”).  The  entire  poly¬ 
pary  is  corneous  and  flexible,  and  the  “  axis  ”  is  a  cylindrical 
fibre  or  rod,  apparently  really  hollow,  which  gives  support  to 
the  colony,  and  is  often  prolonged  beyond  the  distal  end  of 
the  hydrosoma.  The  proximal  end  of  the  hydrosoma  is  also 
provided  with  a  short  triangular  process  (the  “sicula”),  this 
being  in  reality  the  embryonic  polypary.  Running  parallel 
with  the  axis  is  the  tubular  canal  which  enclosed  the  ccenosarc, 
and  from  this  on  one  side  spring  the  little  cups  or  “  hydro¬ 
thecae,”  in  which  the  polypites  were  contained. 

The  entire  structure  of  a  simple  Graptolite  is,  therefore,  in 
many  respects  similar  to  what  is  seen  in  the  recent  Sertu- 
larians ;  but  the  “axis”  and  “sicula”  are  structures  peculiar 
to  the  present  group.  Moreover,  it  is  certain  that  the  typical 
Graptolites  were  free-floating  organisms,  and  were  not  attached 
by  a  hydrorhiza.  On  the  other  hand,  there  are  certain  forms 
which  have  usually  been  placed  among  the  Graptolites  ( e.g ., 
Ptilograplus  and  jDendrograptus),  in  which  the  polypary  was 
branched  and  possibly  attached  to  foreign  bodies. 

Besides  the  simple  (“  monoprionidian  ”)  Graptolites,  with  a  row  of  hydro¬ 
theca:  on  one  side  only  (fig.  83),  there  are  other  (“  diprionidian  ”)  forms, 
with  a  row  of  hydrothecse  on  each  side  (fig.  84),  and  witli  the  axis  running 
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through  the  centre  of  the  polypary,  in  the  double  partition  which  separates 
the  two  halves  of  the  hydrosoma.  In  still  other  (“  tetraprionidian  ”)  forms, 
there  are  four  rows  of  hydrothecae.  In  certain  genera,  also,  there  is  found 
a  corneous  disc  or  cup  at  the  proximal  end  of  the  polypary,  which  may  be 
compared  with  the  “float”  or  “  pneumatophore  ”  of  the  Physophoridce. 


Fig.  83. — A,  Monograptus  pri- 
otion,  Bronn,  preserved  in  re¬ 
lief —  lateral  view,  slightly 
enlarged  ;  B,  Dorsal  view  of 
a  fragment  of  the  same  species 
— considerably  enlarged  ;  C, 
Front  view  of  a  fragment  of 
the  same,  showing  the  mouths 
of  the  cellules  —  much  en¬ 
larged  :  1),  Transverse  sec¬ 
tion  of  the  same.  All  from 
the  base  of  the  Coniston 
Flags.  (Original.) 


Fig.84. — Diprionidian  Graptolites (Orig¬ 
inal).  A,  A  double-celled  Graptolite 
( Diplo^-aptus )  with  a  minute  basal 
spine (“sicula”) and  two  lateral  spines; 
B,  Another  form  with  a  long  sicula 
and  two  long  lateral  spines ;  C, 
Another  form,  in  which  the  sicula  is 
not  visible. 


As  regards  their  distribution  in  time,  the  typical  Graptolites  are  charac¬ 
teristic  of  the  Ordovician  and  Silurian  rocks.  The  diprionidian  Grapto¬ 
lites  {c.g. ,  Diplograptiis  and  Climacograptus)  are  especially  characteristic 
of  the  Ordovician  and  of  the  base  of  the  Silurian  formation.  'The  common 
“twin”  Graptolites  {Didym ogra ptus)  are  exclusively  confined  to  the  Or¬ 
dovician  formation.  The  fossils  called  Dendrograptus ,  Cal l ogra  ptus,  Ptilo - 
graptus ,  and  Dictyoncma ,  though  usually  placed  among  the  Graptolites. 
are  possibly  referable  to  the  Sertularians.  As  regards  their  mode  of  oc¬ 
currence,  Graptolites  are  usually  found  as  glistening  pyritous  impressions, 
with  a  silvery  lustre  ;  but  they  are  sometimes  found  in  relief. 
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CHAPTER  XL 

II YDROCORA LL IN.E  AND  STROMA  TOPOROIDEA. 

HyDROCORALLIN/E. 

Sub-class  V.  Hydrocorallin/U.- — -This  name  has  recently 
been  proposed  by  Professor  Moseley  for  two  groups  of  marine 
animals  which  produce  a  regular  skeleton  of  carbonate  of  lime, 
often  of  large  size,  and  which  have  been  generally  referred  to 
the  Corals  ( Actinozoa ).  One  of  these  groups  comprises  the 
well-known  Millepora  (fig.  85),  which  is  found  contributing  so 
largely  to  the  formation  of  coral-reefs  in  the  West  Indies  and 
Pacific.  The  calcareous  skeleton  (“  coenosteum  ”)  of  Millepora 


Fig.  85. — A,  Portion  of  a  mass  of  Millepora  alcicornis ,  of  the  natural  size;  B,  Portion 
of  the  same,  cut  open  vertically  to  show  the  larger  tabulate  tubes  ( p /),  and  the 
spongy  coenosarcal  skeleton  {c c),  enlarged  ;  C,  Small  portion  of  the  surface,  enlarged 
to  show  the  larger  and  smaller  openings  (/'  and  d)  inhabited  by  the  different  zooids, 
and  the  reticulated  calcareous  tissue  of  the  skeleton  ;  D,  One  of  the  tentacular  poly- 
pites,  enlarged,  showing  two  whorls  of  knobbed  tentacles.  (A,  B,  and  C  are  after 
Milne-Edwards  and  Hairne;  D  is  after  Martin  Duncan  and  Major-General  Nelson.) 

is  mostly  in  the  form  of  foliaceous  or  laminar  expansions, 
stony  in  texture,  with  a  smooth  surface  studded  with  minute 
apertures  of  two  sizes,  the  larger  of  these  being  much  the 
fewest  (fig.  85,  C).  The  larger  openings  are  the  mouths  of 
tubes  (fig.  85,  B ,pp),  which  are  divided  by  transverse  cal¬ 
careous  partitions  into  a  number  of  compartments,  only  the 
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most  superficial  of  these  being  actually  tenanted  by  the  living 
animal.  The  smaller  tubes  are  similarly  septate  or  “  tabu¬ 
late,”  and  the  general  tissue  of  the  skeleton  (fig.  85,  C)  is 
composed  of  calcareous  trabeculae  traversed  by  a  series  of 
ramifying  and  anastomosing  ccenosarcal  canals,  which  place 
the  tubes  occupied  by  the  zobids  in  direct  communication. 

From  the  presence  of  transverse  partitions,  or  “tabulae,”  in 
its  tubes,  Millepora  was  generally  placed  amongst  the  so-called 
“Tabulate  Corals,”  with  the  typical  forms  of  which  it  has  no 
affinity.  Though  its  skeleton  is  abundantly  obtained  in  the 
regions  where  it  occurs,  the  living  animal  has  been  rarely  ob¬ 
served.  The  late  Professor  Agassiz  was  the  first  to  examine 
Millepora  in  its  living  condition,  and  he  was  led  to  the  con¬ 
clusion  that  the  genus  was  unequivocally  referable  to  the 
Hydrozoa.  A  similar  conclusion  has  recently  been  reached 
by  Professor  Moseley,  who  had  the  opportunity  of  examining 
the  living  animal  minutely.  According  to  this  observer,  the 
colony  (fig.  86)  of  Millepora  consists  of  two  kinds  of  zooids. 


rig.  86. — Enlarged  view  of  a  portion  of  the  surface  of  a  living  colony  of  Millepora 
nodosa ,  showing  the  expanded  zooids  of  a  single  system  :  a  Central  “gastrozouid  ”  ; 
I  One  of  the  mouthless  “dactylozodids.”  (After  Moseley.) 

The  larger  zooids,  “  gastrozooids,”  inhabit  the  larger  tubes  of 
the  skeleton,  and  possess  from  four  to  six  knobbed  tentacles  : 
while  the  smaller  zooids,  or  “  dactylozodids,”  inhabit  the 
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smaller  tubes,  and  are  either  indiscriminately  mixed  with  the 
gastrozooids,  or  surround  these  in  definite  systems  (fig.  86, 
a  and  b).  The  dactylozooids  have  no  mouth,  and  are  long 
and  slender,  carrying  on  their  sides  numerous  short  clavate 
tentacles.  They  perform  the  functions  of  prehension  for  the 
colony,  and  supply  food  to  the  stomach-bearing  gastrozooids, 
by  which  the  work  of  digestion  and  assimilation  is  carried  on. 
The  nutritive  fluid  elaborated  by  the  latter  is  distributed 
throughout  the  entire  colony  by  means  of  branched  coeno- 
sarcal  canals,  which  ramify  in  every  direction  through  the 
spongy  tissue  of  the  skeleton. 

The  reproductive  process  is  still  unknown  as  regards  the 
Millepora  generally;  but  the  reproductive  elements  are  doubt¬ 
less  matured  in  special  generative  zooids.  Indeed,  Mr  Quelch 
has  recently  discovered  in  the  skeleton  of  one  species  of 
Millepora  the  special  sac-like  cavities  (“  ampullae  ”)  in  which 
the  reproductive  zooids  are  lodged.  The  species  of  Millepora 
are  abundant  in  the  shallow  seas  of  the  “coral-reef  region,” 
and  especially  so  in  the  Pacific  and  West  Indies.  They  often 
contribute  largely  to  the  growth  of  coral-reefs.  Fossil  forms 
have  been  detected  in  the  Tertiary  rocks. 

Still  more  remarkable  than  the  Millepora  are  the  singular 
organisms  forming  the  family  of  the  Stylasteridce,  which  "have 
hitherto  been  regarded  as  Corals,  but  which  have  been  shown 
by  Professor  Moseley  to  belong  to  the  Hydrocorallina.  The 
skeleton  of  the  Stylasteridce.  (fig.  87)  is  calcareous,  more  or 
less  branched,  forming  a  dendroid  or  flabellate  expansion,  and 
exhibiting  upon  the  surface,  or  on  its  sides,  small  rounded 
.apertures,  which  are  usually  intersected  marginally  by  radiat¬ 
ing  partitions  or  “septa,”  and  thus  simulate  the  “  calices  ”  of 
an  ordinary  sclerodermic  coral.  In  other  cases,  the  skeleton 
shows  a  series  of  large  apertures,  with  more  numerous  and 
irregularly  distributed  smaller  openings,  the  latter  not  being 
radially  arranged  round  the  former.  In  any  case,  the  skeleton 
is  traversed  in  all  directions  by  a  system  of  branched  and 
anastomosing  canals,  which  are  occupied  in  the  living  condi¬ 
tion  by  prolongations  of  the  coenosarc,  which  also  forms  an 
ectodermal  covering  to  the  skeleton.  The  colony  is  composed 
of  two  different  sets  of  zooids — those  of  the  one  set  (“gastro¬ 
zooids’’)  provided  with  a  mouth  and  stomach-sac;  while  the 
others  (“dactylozooids”)  are  elongated  and  destitute  of  a 
mouth,  thus  coming  to  represent  tentacles  in  form.  The 
gastrozooids  occupy,  as  in  Millepora ,  the  large  tubes  of  the 
skeleton,  and  the  dactylozooids  are  lodged  in  the  small  tubes. 
Hence,  when  the  dactylozooids  are  arranged  in  definite 
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“  cyclo-systems  ”  round  the  gastrozooids,  then  each  of  the  large 
apertures  in  the  skeleton  comes  to  be  surrounded  by  a  circle 
of  smaller  elongated  pores,  which  are  only  separated  laterally 
by  thin  partitions,  and  which  thus  give  rise  to  the  appearance 
of  a  central  “calice”  surrounded  by  radiated  “septa”  (fig. 
87,  B).  The  gastrozodids  are  not  only  larger  than  the  dac- 


F'g.  87.— A,  Portion  of  the  skeleton  of  Sty/aster  sanguineus,  of  the  natural  sire:  B, 
Small  portion  of  a  branch  of  the  same,  enlarged,  showing  the  calices  and  ampulla:. 
Living  in  the  Australian  Seas.  (After  Milne-Edwards  and  Hairne.) 


tylozooids,  but  they  have  a  special  layer  of  digestive  cells 
lining  the  body-cavity,  a  structure  which  is  wanting  in  the 
purely  prehensile  dactylozobids.  The  true  Hydrozoal  char¬ 
acter  of  these  extraordinary  organisms  is  conclusively  shown 
by  the  fact  that  the  reproductive  organs  are  situated  outside 
the  bodies  of  the  ordinary  zooids,  being  in  the  form  of  fixed 
sporosacs  developed  within  sac-like  cavities  (“ampullae”)  in 
the  skeleton  (fig.  87,  B),  which  at  certain  periods  communi¬ 
cate  with  the  exterior  by  minute  pores. 

The  Stylasterids  are  wholly  marine,  and  are  almost  cosmo¬ 
politan  in  their  distribution,  the  species  ranging  from  the 
neighbourhood  of  the  coast-line  to  great  depths  in  the  ocean. 

Stromatoporoidea. 

Sub-class  VI.  Stromatoporoidka. — Under  this  head  are 
included  a  large  number  of  extinct  organisms,  the  skeletons  of 
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which  are  of  common  occurrence  in  the  older  rocks  of  the 
earth’s  crust.  The  Stromatoporoids  possessed  a  calcareous 
skeleton  (“coenosteum  ”),  the  most  marked  general  feature  of 
which  is  that  it  is  more  or  less  conspicuously  composed  of  con¬ 
centric  calcareous  laminae  (fig.  88).  The  skeleton  was  often 


Fig.  88. — A  Stromatoporoid,  of  the  natural  size,  showing  the  laminated  structure  of  the 
skeleton.  Trenton  Limestone,  Canada. 


of  great  size,  and  the  under  surface  was  often  covered  by 
a  delicate  calcareous  membrane  (“  epitheca”),  the  organism 
being  fixed  to  some  foreign  body  by  a  stalk  of  attachment. 
In  other  cases  the  organism  was  encrusting,  the  entire  lower 
surface  being  attached  to  some  foreign  body  ;  while  other  types 
are  branched.  In  the  genus  Stromatopora  itself,  the  skeleton 
is  composed  of  closely  reticulated  calcareous  fibres,  which 
have  a  peculiar  minutely  porous  or  tubulated  structure,  and 
which  admit  of  division  into  a  horizontal  and  a  vertical  series, 
fused  with  one  another.  The  entire  skeleton  is  traversed  by 
minute  irregular  tubes,  which  are  commonly  crossed  by  trans¬ 
verse  partitions  (“  tabulae  ”),  and  which  open  on  the  surface  by 
small  pores.  These  tubes  undoubtedly  served  for  the  lodg¬ 
ment  of  the  zooids  of  the  colony.  There  is  thus  a  general 
resemblance  in  the  skeleton  of  Stromatopora  to  that  of  Mille- 
pora ;  but  the  zooidal  tubes  do  not  exhibit  a  division  into  a 
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series  of  large  tubes  and  one  of  small  tubes  ;  while  there  are 
other  differences  as  well  which  need  not  be  discussed  here. 

In  other  types  of  the  Stromatoporoids  (such  as  Actinostroma), 
the  structure  of  the  skeleton  approaches  more  nearly  to  that 
of  Hydractinia  than  to  that  of  Millepora. 

The  typical  Stromatoporoids  are,  so  far  as  is  certainly  known 
at  present,  confined  to  the  Ordovician,  Silurian,  and  Devonian 
formations,  in  which  they  are  often  so  abundant  as  to  give  rise 
to  extensive  beds  of  limestone.  In  the  Secondary  rocks  occur 
various  fossils,  which  will  possibly  find  a  place  here  when  fully 
investigated  ;  but  the  group  is  not  known  to  have  any  direct 
representative  in  the  Tertiary  rocks  or  in  modern  seas. 


CHAPTER  XII. 

ACTINOZOA. 

i.  General  Characters  of  the  Actinozoa.  2.  Char¬ 
acters  OF  THE  ZOANTHARIA.  3.  ZOANTHARIA  MaLA- 
CODERMATA.  4.  ZOANTHARIA  SCLEROBASICA.  5.  ZOAN¬ 
THARIA  ScLERODERMATA. 

Class  II.  Actinozoa.  -The  Actinozoa  are  defined  as  Ceelen- 
teraia  in  which  the  mouth  opens  into  an  oesophageal  tube,  which 
in  turn  opens  below  into  the  general  cavity  of  the  body  (“  cade  /it eric 
space.”)  The  oesophagus  is  separated  from  the  body -wall  by  an 
intervening  “ perivisceral  space,”  which  is  divided  into  a  scries  of 
compartments  by  radiating  vertical  membranous  partitions  or 
'■'■mesenteries,”  to  the  faces  of  which  the  reproductive  organs  are 
attached. 

The  Actinozoa  differ,  therefore,  fundamentally  from  the 
llydrozoa  in  this,  that  whereas  in  the  latter  the  space  (“ccelen- 
teric  ”  space)  included  within  the  body-walls  is  simple  and 
undivided,  and  there  is  no  proper  alimentary  tube,  in  the 
former  there  is  a  distinct  oesophagus  (fig.  89,  b),  and  the 
general  cavity  of  the  body  is  divided  into  radial  compart¬ 
ments  by  vertical  membranous  plates  (“mesenteries”). 
Hence  in  transverse  sections  (if  taken  above  the  level  of  the 
lower  end  of  the  oesophagus)  there  are  seen  two  concentric 
tubes,  one  formed  by  the  oesophagus,  and  the  other  by  the  pari- 
etes  of  the  body  (fig.  90,  A) ;  whereas  the  transverse  section  of 
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a  Hydrozoon  exhibits  but  a  single  tube  formed  by  the  general 
walls  of  the  body. 

Histologically,  the  tissues  of  the  Actinozoa  are  essentially  the 
same  as  those  of  the  Hydrozoa,  consisting  of  the  two  funda¬ 
mental  layers,  the  “ectoderm”  and  “endoderm.”  Between 
these  there  is  developed  an  intermediate  layer  or  “meso¬ 
derm,”  composed  essentially  of  connective  tissue.  The  tissues 
of  the  Actinozoa  often  exhibit  a  considerable  amount  of  differ¬ 
entiation,  but  this  subject  has  been  already  sufficiently  con¬ 
sidered  in  dealing  with  the  Ccelenterata  generally  (see  p.  126, 
fig-  5°)- 

The  mouth  in  the  Actinozoa  opens  into  a  membranous 
oesophageal  tube,  formed  by  an  infolding  of  the  ectoderm 
and  endoderm,  which  hangs  down  into  the  body-cavity,  and 
terminates  at  some  distance  above  the  proximal  end  of  the 
animal  in  an  aperture  by  which  it  communicates  with  the  gen¬ 
eral  cavity  of  the  body  (fig.  89,  b).  Though  often  spoken  of 


Fig.  89. — A,  Actinia  mescmbryanthemum,  one  of  the  Sea-anemones  (after  Johnston) ; 
H,  Section  of  the  same,  showing  the  mouth  (a),  the  oesophagus  (/>),  the  body-cavity 
(c),  and  one  of  the  mesenteries  (;//). 

as  the  “  stomach,”  it  does  not  appear  that  the  oesophageal  tube 
has  any  special  digestive  power,  the  function  of  digestion  being 
performed  by  the  general  body-cavity.  There  is  no  proper 
vascular  system,  but  the  fluid  filling  the  body-cavity  contains 
the  products  of  digestion,  and  therefore  corresponds  with  the 
blood,  while  a  circulation  of  this  fluid  is  kept  up  by  the  cili¬ 
ated  surface  of  the  endoderm.  Proper  respiratory  organs  are 
not  developed,  though  some  forms  possess  structures  which 
are  believed  to  have  a  respiratory  function. 
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1  he  general  space  included  within  the  body-walls  is  sub¬ 
divided  into  radiating  compartments  by  the  so-called  “  mesen¬ 
teries.  Below  the  level  of  the  lower  end  of  the  oesophagus 
the  intermesenteric  compartments  all  open  freely  into  a  com¬ 
mon  space  (fig.  89,  B,  c).  These  compartments  also  commonly 
communicate  with  one  another  by  means  of  perforations  in 
their  bounding  mesenteries  placed  near  the  point  where  the 
latter  join  the  upper  end  of  the  oesophagus. 

The  nervous  system  is  typically  in  the  form  of  a  layer  of 
detached  ganglionic  cells  and  diffused  fibres  placed  beneath  the 
ectoderm  (fig.  50,  B),  similar  nervous  elements  being  also 
developed  more  sparingly  at  the  base  of  the  endodermal 
layer.  The  pigment-masses  which  are  found  at  the  bases  of 
tentacles  in  some  Adinice  are  possibly  rudimentary  organs  of 
vision. 

The  reproductive  organs  are  always  internal,  and  are  never 
in  the  form  of  external  processes  as  in  the  Hydrozoa.  They 
have  the  form  of  band-like  ovaria  or  testes  attached  to  the 
faces  of  the  mesenteries.  Sexual  reproduction  occurs  in  all 
the  members  of  the  class,  but  in  many  forms  gemmation  or 
fission  constitutes  an  equally  common  mode  of  increase. 
Some  Adinozoa,  therefore,  such  as  the  common  Sea-anemones, 
are  simple  organisms  ;  whilst  others,  such  as  the  reef-building 
corals,  are  composite,  the  act  of  gemmation  or  fission  giving 
rise  to  colonies  composed  of  numerous  zooids  united  by  a 
coenosarc.  In  these  cases  the  separate  zooids  are  termed 
“  polypes,”  the  term  “  polypite  ”  being  restricted  to  the 
Hydrozoa.  In  the  simple  Adinozoa ,  however,  the  term 
“polype”  is  employed  to  designate  the  entire  organism.  In 
other  words,  the  “actinosoma,”  or  entire  body  of  any  Adino- 
zoo/i,  may  be  composed  of  a  single  “  polype,”  or  of  several 
such,  produced  by  a  process  of  continuous  gemmation  or 
fission,  and  united  by  a  common  connecting  structure,  or 
coenosarc.  In  certain  cases  (Fungia)  there  is  a  kind  of 
alternation  of  generations. 

Most  of  the  Adinozoa  are  permanently  fixed  ;  some,  like  the 
Sea-anemones,  possess  a  small  amount  of  locomotive  power ; 
and  one  order,  the  Ctenophora,  is  composed  of  highly  active, 
free-swimming  organisms.  Some  of  the  Adinozoa  are  un¬ 
provided  with  any  hard  structure  or  support,  as  in  the  Sea- 
anemones  and  in  all  the  Ctenophora ;  but  a  large  number 
secrete  a  calcareous  or  horny,  or  partially  calcareous  and 
partially  horny,  framework  or  skeleton,  which  is  termed  the 
“  coral,”  or  “  eorallum.” 

The  Adinozoa  are  divided  into  four  orders — viz.,  the  Zo- 
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antharia,  the  Alcyonaria ,  the  Rugosa,  and  the  Ctenophora ; 
but  the  last  is  sometimes  regarded  as  a  distinct  class,  and  the 
Rugosa  are  doubtfully  separable  as  an  order  from  the  Zo- 
antharia. 

Order  I.  Zoantharia. — The  Zoantharia,  Hexacoralla ,  or 
“  Helianthoid  Polypes,”  are  defined  by  the  disposition  of  their 
soft  parts  ( typically )  in  multiples  of  six,  and  by  the  possession  of 
simple,  usually  numerous ,  tentacles.  There  may  be  no  coral lum , 
or  rarely  a  “  sclerobasic  ”  one.  Usually  there  is  a  “ sclerodermic  ” 
corallum,  in  which  the  septa  in  each  corallite,  like  the  mesenteries , 
are  arranged  in  multiples  of  six. 

The  above  characters,  though  distinctive  of  the  Zoantharia 
as  an  order,  are  not  capable  of  universal  application,  since  the 
disposition  of  the  mesenteries  in  sixes  cannot  be  always  re¬ 
cognised,  and  the  tentacles  are  in  rare  instances  fringed  with 
lateral  processes  (“pinnate”). 

The  Zoantharia  are  divided  into  three  sub-orders — the  Zoan¬ 
tharia  malacodermata,  the  Z.  sclerobasica,  and  the  Z.  scleroder- 
mata ;  according  as  the  corallum  is  entirely  absent  or  very 
rudimentary,  is  “sclerobasic,”  or  is  “sclerodermic.” 

Sub-order  I.  Zoantharia  Malacodermata. — In  this  sec¬ 
tion  of  the  Zoantharia  there  is  either  no  corallum  or  a  pseudo- 
corallum  in  the  form  of  adventitious  spicules  scattered  through 
the  soft  parts.  The  “actinosoma”  is  usually  composed  of  but 
a  single  polype.  (The  term  “actinosoma”  is  a  very  con¬ 
venient  one  to  express  in  the  Actinozoa  what  “hydrosoma” 
expresses  in  the  Hydrozoa  —  namely,  the  entire  organism, 
whether  simple  or  compound.) 

This  section  has  been  divided  into  many  groups,  of  which 
only  the  ordinary  Sea-anemones  (H exact inice)  can  receive  any 
detailed  consideration  here. 

The  body  of  a  Sea-anemone  (fig.  89,  A)  is  a  truncated  cone, 
or  a  short  cylinder,  termed  the  “  column,”  and  is  of  a  soft, 
leathery  consistence.  The  two  extremities  of  the  column  are 
termed  respectively  the  “base”  (or  “pedal  disc”)  and  the 
“  oral  disc,”  the  former  constituting  the  sucker,  whereby  the 
animal  attaches  itself  at  will,  whilst  the  mouth  is  situated  in 
the  centre  of  the  latter.  Most  Sea-anemones  fix  themselves 
by  the  base  to  some  foreign  object — a  stone  or  a  living  animal 
— but  others  ( Peachia  and  Edwardsia)  bury  themselves  more 
or  less  completely  in  the  sand.  In  a  few  cases  ( Cerianthus 
and  Peachia )  the  centre  of  the  base  is  perforated,  but  the 
object  of  this  arrangement  is  unknown.  Some  forms,  again 
(Mityas,  Nautactis,  Oceanactis,  &c.),  are  oceanic  in  their  habit. 
.Between  the  mouth  and  the  circumference  of  the  disc  is  a  flat 
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space,  without  appendages  of  any  kind  (or,  rarely,  with  a  cir¬ 
clet  of  secondary  tentacles),  termed  the  “  peristomial  space. 
Round  the  circumference  of  the  disc  are  placed  numerous 
tentacles,  usually  retractile,  arranged  in  alternating  rows. 
The  tentacles  are  tubular  prolongations  of  the  ectoderm  and 
endoderm,  containing  diverticula  irom  the  somatic  chambers, 
and  often  having  apertures  at  their  free  extremities.  The 
mouth  leads  directly  into  the  oesophagus,  which  is  a  wide 
membranous  tube,  opening  by  a  large  aperture  into  the 
general  body-cavity  below,  and  extending  about  half-way 
between  the  mouth  and  the  base,  lhe  mouth  is  typically  a 
longitudinal  fissure,  the  direction  of  which  is  constant,  thus 
giving  a  middle  line  to  the  radiated  body.  I  he  oesophagus 
(fig.  90,  A,  s)  conforms  in  shape  with  the  mouth,  being  long- 


1> 


Fig.  90.— A,  Transverse  section  of  a  Sea-anemone  (Adamsia),  slightly  altered  from 
O.and  R.  Hertwie:  «  The  ectoderm  (cross-shaded);  /  he  mesodermal  layer  of 
connective-tissue  (shaded  dark) ;  «•«  The  endoderm  (unshaded)  ;  Im  Cross-sect  on  ot 
one  of  the  longitudinal  septal  muscles;  r  Oesophagus,  lhe  numerals  indicate  the 
order  of  development  of  the  six  principal  pairs  of  septa,  the  third  and  fourth  pair, 
being  the  so-called  “directive  septa."  B,  A  segment  of  the  body  of  a  Sea-anemone 
(Ci- re  us),  traversing  the  column  from  the  base  to  the  disc  (after  R.  Holt  g)- 
Disc  t  Tentacles ;  <v  (Esophagus  hanging  down  into  the  body-cavity  ,  rrRepo- 
ductive  organs  attached  to  the  laces  of  the  mesenteries  ;  c  One  of  the  craspeda  , 


_ j  organs 

a  One  of  the  “acontia 


•  Mesenteries. 


oval,  and  usually  having  a  deep  longitudinal  groove  at  the 
ends  corresponding  with  the  long  axis  of  the  mouth-opening. 
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The  wide  space  between  the  oesophagus  and  the  body-wall 
is  subdivided  into  a  number  of  compartments  by  radiating 
vertical  lamellae,  which  are  formed  of  connective-tissue  covered 
on  each  side  with  endoderm  (fig.  90,  A),  and  which  are  termed 
the  “mesenteries”  or  “septa.”  All  the  mesenteries  spring  along 
their  outer  sides  for  their  whole  length  from  the  body-wall,  and 
a  certain  number  of  them  are  continued  across  the  whole  peri¬ 
visceral  space,  and  are  attached  to  the  sides  of  the  oesophagus. 
Besides  these  complete  mesenteries,  there  are  others  (fig.  90, 
B,  me)  which  do  not  reach  so  far  as  the  outer  surface  of  the 
oesophagus.  As  the  oesophagus  is  considerably  shorter  than 
the  column,  it  follows  that  the  inner  edges  of  even  the  longest 
mesenteries  are  free  below  the  lower  end  of  the  gullet ;  and 
these  liee  edges,  curving  at  first  outwards  and  then  downwards 
and  inwards,  are  ultimately  attached  to  the  centre  of  the  base. 

The  mesenteries  have  attached  to  their  faces  the  reproduc¬ 
tive  organs  (fig.  90,  B,  r),  in  the  form  of  band-like  ovaries  and 
testes.  The  same  individual  may  have  these  organs  combined; 
but  more  commonly  the  sexes  are  distinct.  Below  the  stomach 
the  free  edges  of  the  mesenteries  are  thickened,  and  constitute 
convoluted  and  puckered  cords — the  so-called  “  craspeda,”  or 

mesenteric  filaments  (fig.  90,  B,  c),  which  have  a  glandular 
structure,  and  are  concerned  in  digestion.  Attached  also  to 
the  free  edges  of  the  mesenteries  are  sometimes  long  thread¬ 
like  filaments,  which  contain  many 
thread-cells,  and  are  termed  “ac- 
ontia”  (fig.  90,  B,  a).  When  at 
rest,  the  acontia  lie  coiled  in  the 
space  below  the  gullet,  but  they  can 
be  protruded  from  the  mouth,  or 
can  sometimes  be  shot  forth  from 
minute  apertures  (“  cinclides  ”)  in 
the  body-wall. 

The  embryo  of  the  Actinia  (fig. 

91)  is  a  free  -  swimming  ciliated 
body,  at  first  rounded,  but  after¬ 
wards  somewhat  ovate.  The  ru¬ 
dimentary  mouth  is  soon  marked 
out  by  a  depression  at  the  larger 
extremity ;  thread-cells  appear  as  a 
layer  in  the  ectoderm  ;  a  fold  is  prolonged  inwards  from  the 
mouth  to  form  the  cesophageal  tube ;  and  the  primitive  ten¬ 
tacles  are  at  first  two  in  number,  but  are  rapidly  increased  to  six. 

As  regards  the  structure,  arrangement,  and  development  of  the  mesen- 
teries  of  the  Actimda^  absolute  uniformity  does  not  obtain.  Typically,  each 


Fig.  91. — Embryo  of  a  Sea -an¬ 
emone  ( Actinia  mesembryanthe - 
mum),  in  which  the  first  eight 
septa  have  been  developed  (after 
Lacaze-Duthiers).  The  numer¬ 
als  indicate  the  order  in  which 
primitive  septa  make  their  ap¬ 
pearance. 
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mesentery  consists  of  a  plate  of  connective-tissue  (“supporting-lamella  ) 
covered  on  each  side  with  endoderm.  On  one  side  each  mesentery  carries  a 
layer  of  transversely-directed  muscular  fibres  ;  while  on  the  opposite  side  of 
each  is  a  well-defined  longitudinal  “retractor”  muscle,  which  springs  from 
the  base  and  is  inserted  into  the  gullet  or  into  the  oral  disc.  1  he  mesen¬ 
teries  are  arranged  in  pairs,  the  corresponding  muscles  being  turned  in 
each  pair  towards  each  other.  In  all  but  two  pairs  of  mesenteries  the 
sides  which  are  in  each  pair  turned  to  each  other  are  the  ones  which 
carry  the  longitudinal  muscles  (fig.  90,  A,  Im).  In  two  pairs  of  mesenteries, 
which  are  known  as  the  “  directive  mesenteries,  and  which  con espond  in 
position  with  the  extremities  of  the  slit-like  mouth,  the  sides  which  aie 
turned  to  each  other  are  those  with  the  transverse  muscles. 

The  mesenteries  of  each  pair  generally  have  a  common  origin,  but  this 
does  not  hold  good  for  the  first  six  pairs  of  mesenteries  that  are  developed. 
These  latter  are  produced  independently  and  at  different  times,  and  are 
termed  by  R.  Hertwig  the  “principal  mesenteries.  The  two  pairs  ot 
“directive  mesenteries ’’belong  to  this  series;  and  in  some :  cases  (e.g.,  in 
Samrtia)  it  is  only  these  six  pairs  of  “principal  mesenteries  which  reach 
the  outer  wall  of  the  oesophagus.  The  remaining  mesenteries,  excluding 
the  six  pairs  just  mentioned,  are  termed  by  Hertwig  the  secondary  mes¬ 
enteries,  and  these  may  or  may  not  in  part  reach  the  wil  of  the  «ophagM. 
(In  many  works  the  terms  “primary,”  “secondary,  and  tertiary  have 
been  used  to  express  the  fact  that  the  mesenteries  reached  the  oesophagus, 
or  to  indicate  their  comparative  width  if  they  fell  short  of  it  ;  but  the  dis¬ 
tinction  above  pointed  out  is  one  of  greater  importance.) 

As  regards  the  early  development  of  the  mesenteries,  Lacaze-Duthiers 
has  shown  that  the  first  step  is  the  appearance  of  a  single  pair  of  mesen¬ 
teries  developed  at  right  angles  to  the  oral  fissure,  nearer  one  side  than  the 
other  so  as  to  divide  the  body-cavity  into  two  unequal  chambers  (hg.  ?l, 

1  i).’  In  the  larger  of  these  chambers  appear  the  two  next  mesenteries 

(2  2)  one  on  each  side.  Two  additional  mesenteries  (3,  3  )  next  appear  in  the 
smaller  chamber,  this  making  in  all  six  mesenteries  ;  but  tins  condition  is 
evanescent,  and  two  further  septa  (4,  4)  ai'e  developed  on  the 
of  the  first-formed  mesenteries  to  the  third  pair.  At  this  stage,  therefore, 
there  are  eight  mesenteries  in  all  (fig.  9O  5  Hut  two  further  pairs  of  mesen¬ 
teries  are  produced,  raising  the  number  to  twelve,  and  completing  tbe  series 
of  the  ‘ 1  principal  ”  mesenteries.  The  next  twelve  mesenteries  are  developed 
in  pairs  in  the  interspaces  between  the  six  pairs  of  “  principal  mesenteries 
( “  interseptal  spaces”),  this  condition  being  shown  111  fig.  9 °,  A-  Ao 
mesenteries  are,  however,  produced  in  the  chambers  (“intraseptal  spaces^  ) 
included  between  the  laminae  which  form  each  pair  of  punupal 
teries. 

In  certain  Sea-anemones  (united  by  Hertwig  into  the  group  of 
the  Paractinice )  the  number  of  the  mesenteries  is  not  regulated 
bv  six  as  is  typically  the  case,  but  by  four.  A  similar  tetia- 
merous  arrangement  of  the  mesenteries  obtains  in  the  singular 
cenus  Edwardsia  (fig.  92,  A),  in  which  only  eight  mesenteries 
are  oresent  This  singular  form  has  a  thin  imperforate  base, 
and  lives  buried  to  the  lips  in  mud  or  sand,  the  middle  part 
of  the  body  being  protected  by  an  epidermic  investment. 
Cerianthus ,  again,  has  the  mesenteries  unpaired,  and  has  a 
pore  in  the  base.  It  also  lives  buried  in  the  sand,  and  has 
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the  body  protected  by  a  curious  membranous  tube,  with  sand- 
grains  disseminated  in  it.  Another  curious  group  of  the  Sea- 
anemones  is  that  of  the  Ilyanthidce ,  which  have  the  base 
rounded  and  non-adherent.  The  type  of  this  group  is  Ilyan- 
thus  itself  (fig.  92,  B),  which,  except  for  the  condition  of  its 


I  ig.  92. — A,  Edwardsia  callimorpha  ;  B,  Ilyanthus  Mitchelli,  of  the  natural  size. 

(After  Gosse.) 


base,  is  allied  to  the  ordinary  Sea-anemones.  Lastly,  in  the 
group  of  the  Zoanthidtz  the  actinosoma  is  compound,  and 
consists  of  polypes  connected  by  a  fleshy  crust,  or  by  hollow 
creeping  ccenosarcal  prolongations.  The  walls  of  the  polypes 
are  usually  strengthened  by  a  membranous  crust,  in  which 
sand-grains  and  other  adventitious  bodies,  or  sometimes  cal¬ 
careous  spicules,  are  embedded.  Examples  of  this  family  are 
Zoanthus  and  Palythoa. 

As  regards  their  distribution  in  space,  the  Zoantharia  malaco- 
dermata  appear  to  have  an  almost  cosmopolitan  range,  Sea- 
anemones  being  found  on  almost  every  coast- — some  of  the 
tropical  forms  attaining  a  very  large  size.  Whilst  essentially 
littoral  and  shallow-water  forms,  a  few  of  the  members  of  this 
group  have  been  found  by  the  Challenger  expedition  to  ex¬ 
tend  to  great  depths.  Thus,  as  shown  by  Professor  Moseley, 
Edwardsia  has  been  found  at  800  fathoms,  and  Cerianthus 
at  no  less  than  2750  fathoms;  while  species  of  Actinia  itself 
go  down  to  over  1000  fathoms.  A  few  forms  also  (such  as 
Arachnactis,  Nautactis ,  P/otactis,  Oceanactis,  and  Minyas)  are 
pelagic  in  habit,  and  live  in  the  open  ocean. 

Sub-order  II.  Zoantharia  sclerobasica. — The  “Black 
Corals”  or  Antipathuice ,  which  compose  this  group,  are  always 
composite,  consisting  of  a  number  of  polypes  united  by  a  thin 
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fleshy  ccenosarc,  which  is  spread  over  and  supported  by  a  simple 
or  more  commonly  branched  horny  axis  or  “  scicrobasel’  The 
tissues  are  not  furnished  with  calcareous  secretions ,  and  the 
polypes  have  in  general  six  simple  tentacles. 

The  corallum  or  skeleton  of  the  Antipathidce  is  of  a  horny 
consistence,  its  form  simple  or  branched  in  a  more  or  less 
complicated  and  plant-like  manner,  and  its  surface  smooth  or 
covered  with  minute  spines.  All  the  A ntipathidce  form  colo¬ 
nies,  which  are  rooted  by  the  base  to  some  foreign  object,  and 
which  consist  of  numerous  minute  polypes  united  by  a  fleshy 
coenosarc  (fig.  93).  The  corallum  is  secreted  by  the  ccenosarc , 


Fig.  93. — Part  of  the  living  stem  of  AntipatJies  anguina ,  of  the  natural  size. 

(After  Dana.) 


and  thus  forms  an  axis  or  stem  which  is  completely  covered 
during  life  by  the  soft  parts  of  the  colony,  just  as  the  trunk  of 
a  tree  is  covered  by  the  bark.  Owing,  further,  to  the  fact  that 
the  skeleton  is  produced  by  the  ccenosarc,  the  corallum  is 
wholly  outside  the  polypes,  which  are  themselves  altogether 
destitute  of  a  coherent  skeleton.  Various  other  Actinozoa 
(sucli  as  the  Gorgouidce)  possess,  as  we  shall  see,  a  similar 
axial  skeleton,  secreted  by  the  ccenosarc ;  and  all  such  coralla 
are  said  to  be  “  sclerobasic.”  The  Antipathidce  are  principally 
inhabitants  of  warm  seas,  but  they  are  found  also  in  the  Arctic 
ocean,  and  some  forms  range  to  great  depths. 

Sub-order  III.  Zoantharia  sclerodermata  or  Madre- 
poraria.— The  members  of  this  sub-order  include  the  great 
bulk  of  the  coral-producing  or  “  coralligenous  ’  zoophytes  (J/ad- 
reporaria)  of  recent  seas.  They  are  defined  by  the  possession 
of  a  corallum  which  is  partially  or  wholly  developed  within  the 
tissues  of  the  polypes  themselves  (“  sclerodermic  ”),  which  does  not 
consist  simply  of  scattered  spicules,  and  in  which  the  parts  are 
very  generally  disposed  in  multiples  of  six.  '1  he  act  1  nosoma  may 
be  simple,  consisting  of  a  single  polype  only ,  or  composite,  consist¬ 
ing  of  many  polypes  united  by  a  coenosatc. 

^As  regards  the  anatomy  of  their  soft  parts,  the  simple  Zoan¬ 
tharia  sclerodermata  may  be  regarded  as  essentially  Sea-anem¬ 
ones,  whilst  the  compound  forms  are  simply  colonies  of  Actini 
oid  polypes  united  by  a  common  flesh  or  ccenosarc.  It  is 
therefore  only  necessary  to  consider  the  nature  ol  the  skeleton 
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or  corallum  of  these  forms,  since  the  leading  peculiarities  of 
the  sub-order  are  to  be  found  in  this. 

If  we  examine  first  a  simple  coral  of  this  group,  we  find  that 
we  have  to  deal  with  an  animal  in  all  important  respects  iden¬ 
tical  with  an  ordinary  Sea-anemone,  but  having  a  more  or  less 
complicated  skeleton  developed  in  its  interior.  The  animal 
possesses  a  base,  a  column,  and  a  disc — the  latter  surrounded 
by  tentacles,  and  perforated  centrally  by  the  mouth.  The 
mouth  opens  into  an  oesophageal  tube,  connected  with  the 
body-walls  by  mesenteries;  and  the  tentaculate  disc  and 
dependent  gullet  remain  permanently  soft  and  capable  of 
contraction  and  expansion.  Below  the  gullet,  the  soft 
tissues  of  the  polype  are  strengthened  and  supported  by  a 
more  or  less  perfect  calcareous  skeleton  or  corallum  (fig.  94). 


Fig.  94. — Sclerodermic  and  sclerobasic  Corals.  A,  Branch  of  Dendrophyllia  jiigrcs- 
ccn s,  a  sclerodermic  coral,  showing  the  cups  or  thecae  (a  a)  secreted  by  the  separate 
polypes,  and  united  by  the  ccenenchyma  (c  c).  B,  Portion  of  a  sclerobasic  coral 
(Gorgon/a)  represented  diagrammatically  :  ^  The  solid  and  branched  sclerobase  ;  b 
A  portion  of  the  soft  ccenosarc  with  its  embedded  polypes,  investing  the  sclerobasic 
axis. 

This  is  composed  of  calcareous  matter  (“  sclerenchyma”) 
deposited  by  the  tissues  in  such  a  way  that  the  corallum 
comes  to  lie  within  the  polype ,  and  is  technically  said  to  be 
“sclerodermic.”  The  “sclerodermic”  corallum  is  therefore 
the  result  of  the  secretion  of  lime  by  the  actual  polypes,  and 
thus  differs  from  the  “  sclerobasis  ”  of  the  Antipathidce  and 
Gorgonidce ,  which  is  secreted  by  the  ccenosarc,  and  is  not 
formed  by  a  calcification  of  the  soft  parts  of  the  polypes 
themselves.  The  general  distinction,  arising  from  their  mode 
of  formation,  between  “  sclerobasic  ”  and  “  sclerodermic  ” 
corals,  is  not  perhaps  of  essential  importance,  and  the 
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boundary-line  between  the  two  is  not  very  clearly  marked  ; 
but  it  is  of  considerable  practical  value.  It  is,  moreover,  a 
distinction  which  is  readily  recognised,  as  a  rule,  by  a  simple 
inspection  of  the  corallum  itself.  A  sclerobasic  corallum, 
namely,  being  secreted  solely  by  the  coenosarc,  never  exhibits 
any  parts  which  correspond  with  the  separate  polypes  of  the 
colony.  On  the  other  hand,  the  sclerodermic  corallum  (when 
not  composed  simply  of  scattered  spicules)  either  consists  of 
a  single  cup-like  structure  corresponding  with  a  single  polype 
(fig.  95),  or  of  several  such  (fig.  94,  A)  united  by  a  common 
skeleton. 

A  typical  simple  sclerodermic  corallum  (fig.  95)  is  secreted 


Fig.  95. — C(iryof>hyllia  borealis.  A  simple  sclerodermic  Coral,  twice  the  natural 
size.  (After  Sir  Wyville  Thomson.) 

by  a  single  polype,  and  its  structure  presents  an  obvious  cor¬ 
respondence  with  that  of  the  animal  which  produces  it.  It  is 
generally  more  or  less  conical  in  shape,  sometimes  discoid, 
consisting  of  an  outer  wall  and  included  space.  The  wall 
corresponds  with  the  lower  part  of  the  column  of  the  polype, 
and  is  known  as  the  “theca.”  It  may  be  very  imperfect,  or 
may  be  strengthened  by  a  secondary  calcareous  investment 
(“  epitheca”).  The  theca  encloses  a  space  which  corresponds 
with  the  lower  part  of  the  body-cavity  of  the  polype,  and  is 
known  as  the  “  visceral  chamber.”  Superiorly  the  theca  ter¬ 
minates  in  a  shallower  or  deeper  cup-shaped  depression,  which 
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contains  the  oesophagus  of  the  polype,  and  is  known  as  the 
“  calice.”  Below  the  calice,  the  visceral  chamber  is  subdivided 
into  a  number  of  vertical  compartments  (“loculi”)  by  a  series 
of  upright  partitions  or  “  septa,”  which  spring  from  the  inner 
surface"  of  the  theca,  and  are  directed  inwards  towards  the 
centre.  The  septa  are  calcifications  formed  within  the  inter¬ 
mesenteric  chambers  (fig.  96,  j),  so  that  each  septum  is  placed 
underneath  a  tentacle,  and 
the  total  number  of  the 
septa  is  equal  to  that 
of  the  mesenteries.  The 
septa  likewise  increase  in 
number  with  the  increas¬ 
ing  growth  of  the  polype, 
as  the  mesenteries  do ; 
and,  like  the  latter,  they 
vary  in  their  width,  so 
that  they  are  often  spoken 
of  as  “  primary,”  “  second¬ 
ary,”  and  “tertiary”  septa. 

It  has  been  generally  stated 
that  the  theca  is  the  result  of 
the  calcification  of  the  body- 
wall  of  the  polype,  and  that  the 
septa  are  produced  by  the  cal¬ 
cification  of  the  mesenteries. 

Von  Koch,  however,  has  shown 
that  in  many  corals  the  body- 
wall  really  lies  quite  external 
to  the  theca,  and  that  the  latter  is  formed  by  the  thickening  and  ultimate 
fusion  of  the  outer  ends  of  the  septa.  Moreover,  it  has  been  shown 
by  Lacaze-Duthiers  that  the  septa  are  not  produced  in  the  mesenteries 
themselves,  but  in  the  intermesenteric  chambers.  From  the  researches 
of  this  observer,  it  would  appear  that  the  formation  of  the  corallum 
begins  by  the  deposition  of  lime  in  the  ectoderm  of  the  base  or  pedal  disc 
of  the  polype,  giving  rise  to  a  calcareous  plate  (“  foot-plate  ”)  by  which 
the  coral  is  usually  fixed  to  some  foreign  body.  The  septa  are  devel¬ 
oped  as  radiating  ridges  from  the  upper  surface  of  this  foot-plate,  and 
they  grow  upwards  into  the  intermesenteric  chambers  as  vertical  la¬ 
mellae,  which  are  covered  internally  by  the  endoderm.  The  theca  is 
produced  subsequently  to  the  septa,  and,  as  above  mentioned,  is  often,  if 
not  always,  formed  by  the  coalescence  of  the  outer  ends  of  the  septa  in 
the  course  of  growth. 

The  septa  in  the  adult  sclerodermic  corallum  are  typically 
some  multiple  of  six  in  number,  arranged  in  six  systems ;  but 
this  rule  is  not  of  universal  application,  and  the  typical  hexa- 
meral  arrangement  may  be  departed  from  altogether.  The 
laws  of  development  of  the  septa  are  complicated,  and  need 


Fig.  96. — Cross-section  of  a  simple  Coral  {Cary- 
ophyllin)  diagrammatically  represented  (al¬ 
tered  from  a  figure  by  von  Koch).  7u  Body- 
wall  of  the  polype  ;  m  One  of  the  twelve 
principal  mesenteries  ;  ^  One  of  the  primary 
septa  ;  t  Theca  of  the  corallum,  formed  by  the 
union  of  the  outer  ends  of  the  septa;  oc  (Eso¬ 
phagus  of  the  polype. 
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not  be  discussed  here.  On  the  outside  of  the  theca  are 
vertical  ridges  (“  costae”),  corresponding  with  the  septa  within  ; 
and  the  centre  of  the  visceral  chamber  may  be  vacant,  or  may 
be  occupied  by  an  axial  rod-like  or  spongy  structure,  which  is 
termed  the  “  columella.”  At  the  inner  ends  of  the  septa  may 
be  developed  narrow  vertical  plates  which  are  known  as  “  pali  ” 
(fig.  97,  p).  The  continuity  of  the  “  interseptal  loculi”  is 


—t 
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Fig.  97. — A,  Transverse  section  of  a  simple  Zoantharian  Coral  ( Cyathina  Bowerbanki), 
enlarged.  (After  Milne-Edwards  and  Haime.)  /Theca*,  5  One  of  the  primary  septa  ; 
p  One  of  the  “  pali.”  In  the  centre  is  seen  the  irregular  “  columella.”  B,  Tranverse 
section  of  a  Rugose  coral  ( Crepidophyllion  s ubcccspitosu >n ),  enlarged  four  times 
(Original),  t  Theca;  d  “  Dissepiments”;  s  One  of  the  first  order  of  septa;  s'  One  of 
the  second  order  of  septa  ;  /  “  Fossula.”  In  the  centre  of  the  coral  is  a  space  occu¬ 
pied  by  tabulae. 


liable  to  be  more  or  less  interfered  with  by  the  development 
of  the  structures  known  as  “  synapticulse,”  “  dissepiments,”  and 
“tabulae.”  The  “ synapticulae ”  are  transverse  calcareous  bars 
which  stretch  across  the  interseptal  loculi,  and  form  a  kind  ot 
trellis-work,  uniting  the  opposite  faces  of  adjacent  septa.  'I  hey 
are  characteristic  of  the  Fungidce.  The  “  dissepiments  ”  are 
commonly  present  in  a  great  many  corals,  and  have  the  form 
of  incomplete,  approximately  horizontal  plates,  which  stretch 
between  adjacent  septa,  and  break  up  the  interseptal  loculi 
into  secondary  compartments  or  cells.  Lastly,  the  “  tabular” 
may  be  regarded  as  highly  developed  dissepiments,  and,  like 
them,  are  ,  approximately  horizontal,  as  a  rule  at  any  rate. 
They  differ  from  the  dissepiments  in  the  fact  that  they  cut 
across  the  interseptal  loculi  at  the  same  level.  \V  hen  fully 
developed  (fig.  98,  D),  they  are  transverse  plates,  which  extend 
completely  across  the  visceral  chamber,  and  divide  it  into  a 
series  of  storeys  placed  one  above  the  other,  the  only  living 
portion  of  the  coral  being  above  the  last -formed  tabula. 
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Tabulae  are  found  in  various  of  the  Zoantharia  sclerodennata, 
in  some  of  the  Alcyonaria ,  and  in  a  great  many  of  the  Rugosa. 


Fig.  98. — A,  Portion  of  the  corallum  of  Pocillopora  aspera,  var.  lata ,  Verrill,  of  the 
natural  size.  B,  Part  of  the  surface  of  same,  enlarged.  C,  Section  of  the  corallites 
of  the  same,  showing  the  columella,  enlarged.  D,  Vertical  section  of  the  same,  en¬ 
larged,  showing  tabulae.  (After  Dana.) 

The  above  gives  the  general  structure  of  a  typical  simple 
sclerodermic  corallum,  as  secreted  by  a  single  polype.  A 
compound  sclerodermic  corallum  is  the  aggregate  skeleton  pro¬ 
duced  by  a  colony  of  such  polypes,  and  varies  in  form  and 
size  according  to  the  characters  of  the  colony  by  which  it  is 
produced.  In  general,  such  a  colony  consists  (fig.  99)  of  a 


Fig.  99. — Astrcea  pallida ,  a  compound  sclerodermic  Coral,  in  its  living  condition. 

(After  Dana.) 

number  of  polypes,  which  may  spring  directly  from  one  an¬ 
other,  or  may  be  united  by  a  common  flesh  or  ccenosarc ;  and 
corresponding  elements  are  found  in  the  corallum.  In  the 
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former  instance,  the  compound  corallum  consists  of  an  assem¬ 
blage  of  separate  “  corallites,”  as  the  skeletons  of  the  individual 
polypes  are  called,  these  being  united  with  one  another  directly 
and  in  various  ways.  In  the  latter  instance,  the  corallum  con¬ 
sists  of  a  number  of  “  corallites  ”  and  of  a  common  calcareous 
basis  or  tissue,  which  unites  the  various  corallites  into  a  whole, 
is  secreted  by  the  coenosarc,  and  is  known  as  the  “ccenen- 
chyma.” 

The  compound  coralla  are,  of  course,  primitively  simple,  and  they  be¬ 
come  composite  either  by  budding  or  by  cleavage  of  the  original  polype. 
The  following  are  the  principal  methods  in  which  the  increase  is  effected  ; 
and  in  considering  this  subject  briefly,  it  will  be  as  well  to  take  into  account 
not  only  the  Zoantharia  sclerodermata,  but  also  the  Rugosa,  the  modes  of 
increase  in  the  two  groups  being  very  similar:  (i.)  Lateral  or  parietal 
gemmation.— In  this  mode  of  increase  the  original  polype  throws  out  buds 
from  some  point  on  its  sides  between  the  base  and  the  circle  of  tentacles, 
and  these  buds  on  becoming  perfect  corallites  may  repeat  the  process. 
This  is  one  of  the  commonest  modes  of  growth  amongst  the  recent  corals, 
and  it  gives  rise  chiefly  to  dendroid  or  tree-like  corals. 

(2.)  Basal  gemmation. — In  this  method  the  original  polype  gives  forth 
from  its  base  a  rudimentary  coenosarc,  from  which  new  buds  are  thrown  up, 
and  which  may  have  the  form  of  foot-like  prolongations  or  of  a  continuous 
horizontal  expansion.  The  resulting  coralla  are  usually  massive  or  encrust¬ 
ing,  and  the  youngest  corallites  are,  of  course,  those  placed  on  the  periphery 
of  the  colony. 

(3.)  Calicular  gemmation. — This  consists  in  the  production  of  buds  from 
the  calicine  disc  of  the  parent  corallite,  which  may  or  may  not  continue  to 
grow  thereafter,  whilst  the  new  corallites  thus  produced  generally  repeat  the 

process.  This  mode  of  growth  is  ex¬ 
ceedingly  rare  amongst  the  Zoantharia 
sclerodermata,  and  is  never  typically 
exhibited ;  but  it  is  a  characteristic 
feature  in  many  of  the  Rugose  corals. 
In  many  of  these  (fig.  100)  the  original 
polype  throws  up  from  its  calicine  disc 
one  or  more  new  corallites,  which  kill 
the  parent.  These,  in  turn,  produce 
others  after  a  similar  fashion,  till  the 
entire  corallum  assumes  the  form  of  an 
inverted  pyramidal  mass  resting  upon 
the  original  budding  polype.  In  other 
Rugose  corals  the  calicine  disc  gives  off 
but  a  single  bud,  which  may  repeat  the 
process  indefinitely  till  the  corallum  pre¬ 
sents  the  appearance  of  a  succession  of 
inverted  cones  placed  one  above  the 

Fig.  100.— Calicular  gemmation  as  seen  «thei.  .  .  , 

in  I.onsdaleia  / iori/ormis .  Car-  (4.)  Lisston. —  1  Ills  process  in  the  cor  - 
boniferous.  alligenous  A ctinozoa  is  usually  effected 

by  “  oral  cleavage,”  the  divisional  groove 
commencing  at  the  oral  disc,  and  deepening  to  a  greater  or  less  extent, 
the  proximal  extremity  always  remaining  undivided.  According  to  Dana, 
in  fission  a  new  mouth  is  formed  in  the  disc  near  the  old  mouth,  and  a  new 
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gullet  is  formed  for  the  new  mouth,  round  which  the  new  tentacles  are 
then  developed.  This,  therefore,  is  not,  strictly  speaking,  a  subdivision 
into  halves  ;  since  one  half  carries  off  the  old  mouth  and  gullet.  More 
rarely,  fission  “is  effected  by  the  separation  of  small  portions  from  the 
attached  base  of  the  primitive  organism,  whose  form  and  structure  they 
subsequently,  by  gradual  development,  tend  to  assume. 

“The  coral-structures  which  result  from  a  repetition  of  the  fissiparous 
process  are  of  two  principal  kinds,  according  as  they  tend  most  to  increase 
in  a  vertical  or  in  a  horizontal  direction.  In  the  first  of  these  cases  the 
corallum  is  ccespitose,  or  tufted,  convex  on  its  distal  aspect,  and  resolvable 
into  a  succession  of  short  diverging  pairs  of  branches,  each  resulting  from 
the  division  of  a  single  corallite.”  In  the  second  case  the  coral  becomes 
lamellar.  “Here  the  secondary  corallites  are  united  throughout  their 
whole  height,  and  disposed  in  a  linear  series,  the  entire  mass  presenting 
one  continuous  theca.”  Both  these  forms  of  corallum  are  “  liable  to  be¬ 
come  massive  by  the  union  of  several  rows  or  tufts  of  corallites  throughout 
the  whole  or  a  portion  of  their  height.  An  illustration  of  this  is  afforded 
by  the  large  gyrate  corallum  of  Meandrina,  over  the  surface  of  whose 
spheroidal  mass  the  calicine  region  of  the  combined  corallites  winds  in  so 
complex  a  manner  as  at  once  to  suggest  that  resemblance  to  the  convolu¬ 
tions  of  the  brain  which  its  popular  name  of  Brain-stone  Coral  has  been 
devised  to  indicate  ”  (Greene). 

The  Zoantharia  scleroderviata  are  divided  into  the  three  follow¬ 
ing  groups,  founded  upon  the  characters  of  the  corallum  : — 

1.  Aporosa. — The  calcareous  tissue  of  the  corallum  is  more  or  less 
compact  and  imperforate ;  the  septa  usually  constituting  complete  solid 
plates,  and  the  theca  being  as  a  rule  not  pierced  by  any  apertures.  Dissepi¬ 
ments  or  synapticulae  are  usually  present,  but  tabulae  are  rarely  developed. 
This  section  includes  the  most  highly  developed  of  existing  corals  ( Tur- 
binolidce,  Oculinida,  Astreeida:,  See.) 

2.  Fungida. — The  “  Mushroom  -  corals  ”  (Fungidez)  and  a  number  of 
allied  forms  constitute  a  group  of  corals  intermediate  between  the  Aporose 
and  Perforate  types.  The  septa  are  usually  imperforate,  but  the  basal 
plate  is  commonly  more  or  less  extensively  perforated  ;  while  the  interseptal 
loculi  are  crossed  by  “  synapticulae.” 

3.  Perforata. — The  calcareous  tissue  of  the  corallum  is  more  or  less 
porous  (fig.  101),  loosely  aggregated,  spongy,  or  reticulate,  the  walls  in  all 
being  perforated  with  more  or  fewer  apertures.  The  septa  are  generally 
well  developed,  but  they  are  also  perforated  by  apertures,  and  may  be  simply 
trabecular.  Imperfect  dissepiments  may  be  present,  and  in  some  cases 
there  are  well-developed  tabulae  ;  but  the  visceral  chamber  is  usually  more 
or  less  completely  open  from  top  to  bottom.  The  three  families  comprised 
in  this  section  are  the  Eupsavimidce,  the  APadreporida ,  and  the  Poritidce , 
to  which  must  be  added  the  great  and  almost  extinct  family  of  the 
Favositida. 

In  addition  to  the  above-mentioned  groups  of  the  Zoantharia  scleroder- 
mala,  two  other  groups  have  been  established  under  the  names  of  the 
Talnilata  and  Tubulosa.  The  former  of  these  included  the  so  -  called 
“  Tabulate  Corals,”  distinguished  by  the  imperfect  development  of  the 
septa,  and  the  fact  that  the  visceral  chamber  is  divided  into  compartments 
by  horizontal  plates  or  “  tabulae  ”  (fig.  98,  D).  Some  of  the  so-called 
“  Tabulate  Corals,”  however,  such  as  Millepora,  have  been  shown  to  be 
Hydrozoa ;  others,  such  as  Pocillopora  (fig.  98)  belong  to  the  Aporose 
division  of  the  Zoantharia  scleroderma/a  ;  others,  again,  such  as  Favosiles 
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and  its  allies,  belong  to  the  Perforate  division  of  the  Z.  scleroderviata , 
and  are  very  nearly  related  to  the  Poritidce ;  others  are  referable  to  the 
Alcyonaria;  while  others,  lastly,  are  of  uncertain  affinities.  It  is  clear, 


Fig.  101. — M adrepora.  plnntaginea,  a  Perforate  Coral,  of  the  natural  size,  showing  the 
porous  texture  of  the  skeleton. 


therefore,  that  the  section  Tabulata  can  no  longer  be  retained  as  a  division 
of  the  Zoantharia  scleroderviata ,  or  as  a  division  of  the  Corals  of  an) 
zoological  value.  The  section  Tubu/osa  (including  only  the  Palaeozoic 
genera  Aulopora  and  Cladochonus  or  Pyrgia)  is  also  of  no  zoological  value, 
in  the  present  state  of  our  knowledge.  The  forms  included  in  it  are 
simple  or  compound,  with  trumpet -shaped  theca;,  rudimentary  septa, 
and  few  or  imperfect  tabulae ;  and  they  are  probably  referable  to  the 
Alcyonaria. 

As  regards  their  distribution  in  space,  the  Zoantharici  sclero- 
dennata  are  partly  inhabitants  of  deep  water,  and  partly  shallow 
water  forms.  Many  of  the  latter  are  capable  ot  growing  to 
very  large  dimensions,  and  under  favourable  circumstances 


ZOANTHARIA. 


IQI 

they  give  rise  to  vast  aggregations  of  coral,  which  assume 
a  geographical  importance,  and  are  known  as  “  coral-reefs.” 

The  so-called  “reef-building”  corals  have  their  distribution 
conditioned  by  the  mean  winter  temperature  of  the  sea,  a  tem¬ 
perature  of  not  less  than  66°  being  necessary  for  their  existence. 
The  seas,  therefore,  which  possess  the  necessary  temperature, 
may  be  said  to  be  all  comprised  within  a  distance  of  about 
1800  miles  of  the  equator  on  each  side.  Within  these  limits, 
however,  apparently  owing  to  the  influence  of  arctic  currents, 
no  coral-reefs  are  found  on  the  western  coasts  of  America  and 
Africa.  They  are  found  chiefly  on  the  east  coast  of  Africa, 
the  shores  of  Madagascar,  the  Red  Sea,  and  Persian  Gulf, 
throughout  the  Indian  Ocean  and  the  whole  of  Polynesia,  and 
around  the  West  Indian  Islands  and  the  coast  of  Florida. 
The  headquarters  of  the  reef-building  corals  may  be  said  to 
be  round  the  islands  and  continents  of  the  Pacific  Ocean. 
A  “coral-reef”  is  a  mass  of  coral  sometimes  many  hundred 
miles  in  length,  and  it  may  be  many  hundreds  of  feet  in 
thickness,  produced  by  the  combined  growth  of  different 
species  of  coralligenous  Actinozoa.  As  before  said,  a  mean 
winter  temperature  of  not  less  than  66°  is  necessary  for  their 
existence,  and  therefore  nothing  worthy  of  the  name  of  a 
“coral-reef”  is  to  be  found  in  seas  so  far  removed  from  the 
equator  as  to  possess  a  lower  winter  temperature  than  the 
above. 

According  to  Darwin,  coral-reefs  may  be  divided  into  three  principal 
forms — viz.,  Fringing-reefs,  Barrier-reefs,  and  Atolls,  distinguished  by  the 
following  characters  : — 

1.  Fringing-reefs  (fig.  102,  1).  These  are  reefs,  seldom  of  great  size, 
which  may  either  surround  islands,  or  skirt  the  shores  of  continents.  These 
shore-reefs  have  no  channel  of  any  great  depth  intervening  between  them 
and  the  land,  and  the  soundings  on  their  seaward  margin  indicate  that  they 
repose  upon  a  gently  sloping  surface. 

2.  Barrier-reefs  (fig.  102,  2). — These,  like  the  preceding,  may  either 
encircle  islands,  or  may  skirt  continents.  They  are  distinguished  from 
fringing-reefs  by  the  fact  that  they  occur  usually  at  a  much  greater  distance 
from  land,  that  there  intervenes  a  channel  of  deep  water  between  them  and 
the  shore,  and  that  soundings  taken  close  to  their  seaward  margin  indicate 
considerable  depths.  If  the  barrier-reef  surround  an  island,  it  is  sometimes 
called  an  “encircling  barrier-reef,”  and  it  constitutes  with  its  island  what  is 
called  a  “lagoon  island.” 

As  an  example  of  this  class  of  reefs  may  be  taken  the  great  barrier-reef  on 
the  N.E.  coast  of  Australia,  the  structure  of  which  is  on  a  perfectly  colossal 
scale.  I  his  reef  runs,  with  a  few  breaches  in  its  continuity,  for  a  distance 
of  more  than  a  thousand  miles,  its  average  distance  from  the  shore  being 
between  twenty  and  thirty  miles,  and  the  depth  of  the  inner  channel  being 
from  ten  to  sixty  fathoms,  whilst  the  sea  outside  is  “profoundly  deep  ”  (in 
some  places  over  1800  feet). 

3.  Atolls  (102,  3). — These  are  oval  or  nearly  circular  reefs  of  coral, 
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enclosing  a  central  expanse  of  water  or  lagoon.  They  seldom  form  com¬ 
plete  rings,  the  reef  being  usually  breached  by  one  or  more  openings,  which 
are  always  situated  on  the  leeward  side,  or  on  that  side  which  is  most 


Fig.  102. — Structure  of  Coral-reefs, 
level ;  b  Coral-reef ;  c  Primitive 
channel  or  lagoon. 


1.  Fringing-reef ;  2.  Barrier-reef;  3.  Atoll.  <i  Sea- 
land  ;  d  Portion  of  sea  within  the  reef,  forming  a 


completely  sheltered  from  the  prevailing  winds.  In  their  structure  they 
are  identical  with  “encircling  barrier-reefs,’  and  differ  from  these  only  in 
the  fact  that  the  lagoon  which  they  enclose  does  not  contain  an  island  in  its 
cent  re 

If  a’coral-reef  be  observed— say  a  portion  of  an  encircling  barrier-reef— 
the  following  are  the  general  phenomena  which  may  be  noticed,  lhe 
general  shape  of  the  reef  is  triangular,  presenting  a  steep  and  abrupt  wall 
on  the  seaward  side,  and  having  a  long  and  gentle  slope  towards  the  land. 
The  outer  margin  of  the  reef  is  exposed  to  the  beating  of  a  tremendous 
surf,  whilst  the  soundings  taken  just  outside  the  line  of  breakers  always 
indicate  great  depths.  The  longer  inner  slope  is  washed  by  the  calm  waters 
of  the  inner  lagoon  or  channel.  The  reef  is  only  very  partially  composed 
of  living  corals,  which  are  found  to  occupy  a  mere  strip,  or  zone,  along  the 
seaward  margin  of  the  reef;  whilst  all  above  this,  as  well  as  all  below,  is 

constituted  by  dead  coral,  or  “  coral-rock.”  ,  , 

As  to  the  method  in  which  such  a  reef  is  produced,  the  following  tacts 

have  been  established  : —  .  ,  ,  ,  .  ,  , 

A  The  coral-producing  polypes  do  not  flourish  at  leveis  higher  than 
extreme  low  water,  though  some  of  them  can  withstand  exposure  to  the  sun 
and  air  without  injury.  It  follows  from  this  that  no  coral-reef  can  be 
raised  above  the  level  of  the  sea  by  the  efforts  of  its  builders.  1  he  agency 
whereby  reefs  are  raised  above  the  surface  of  the  sea  is  the  denuding  power 
of  the  breakers  which  constantly  fall  upon  their  outer  margins.  1  hese 
detach  large  masses  of  dead  coral  and  heap  them  up  in  particular  places, 
until  an  island  is  gradually  produced.  The  fragments  thus  accumulated  are 
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compacted  together  by  the  finer  detritus  of  the  reef,  and  are  cemented 
together  by  the  percolation  of  water  holding  carbonate  of  lime  in  solution. 
In  this  way  the  upper  surface  of  the  reef,  along  a  line  of  greater  or  less 
breadth,  is  more  or  less  completely  raised  above  the  level  of  high  water. 
It  is  obvious,  however,  that  the  reef  might  be  entirely  destroyed  by  a  con¬ 
tinuation  of  this  process — the  sea  being  quite  competent  to  undo  what  it 
had  done — unless  some  counteracting  force  were  brought  into  play.  This 
counteracting  force  is  found  in  the  vital  activity  of  the  living  corals,  which 
form  the  seaward  margin  of  the  reef,  and  which,  by  their  growth,  prevent 
the  sea  from  always  destroying  the  masses  of  sediment  which  it  may  have 
thrown  up. 

B.  The  coral-producing  polypes  are  essentially  shallow- water  animals, 
and  cannot  exist  at  depths  exceeding  some  15  to  30  fathoms.  It  follows 
from  this  that  no  coral-reef  can  be  commenced  upon  a  sea-bottom  deeper 
than  about  30  fathoms.  The  question  now  arises- — In  what  way  have  reefs 
been  produced,  which,  as  we  have  seen,  rise  out  of  depths  of  300  fathoms 
or  more?  In  answer  to  this  question,  Darwin  brought  forward  the  theory 
that  the  production  of  barrier-reefs  and  atolls  was  really  to  be  ascribed  to  a 
gradual  subsidence  of  the  foundations  upon  which  they  rest.  Thus,  if  a 
fringing-reef  which  surrounds  an  island  be  supposed  gradually  to  sink 
beneath  the  sea,  the  upward  growth  of  the  corals  will  neutralise  the  down¬ 
ward  movement  of  the  land,  so  far,  at  any  rate,  that  the  reef  will  appear  to 
be  stationary,  whilst  it  is  really  growing  upwards.  The  island,  however, 
as  subsidence  goes  on,  will  gradually  diminish  in  size,  and  a  channel  will 
be  formed  between  it  and  the  reef.  If  the  depression  should  be  still  con¬ 
tinued,  the  island  will  be  reduced  to  a  mere  peak  in  the  centre  of  a  lagoon : 
and  the  reef,  from  a  “fringing-reef,”  will  have  become  converted  into  an 
“encircling  barrier- reef.”  As  the  growth  of  the  reef  is  chiefly  vertical,  the 
continued  depression  will  of  course  have  produced  deep  water  all  round 
the  reef.  If  the  subsidence  be  continued  still  further,  the  central  peak  will 
disappear  altogether,  and  the  reef  will  become  a  more  or  less  complete 
ring  surrounding  a  central  expanse  of  water  ;  thus  becoming  converted  into 
an  “atoll.’  I  he  production,  therefore,  of  encircling  barrier  -  reefs  and 
atolls  is  due,  on  this  theory,  to  a  process  of  subsidence  of  the  sea-bottom. 
I  he  existence,  however,  of  fringing-reefs  is  only  possible  when  the  land  is 
either  slowly  rising,  or  is  stationary. 

Recent  researches  by  various  observers  (Semper,  Murray,  Guppy,  &c.), 
have  shown  that  Darwin’s  theory  cannot  be  accepted  as  a  universal 
explanation  of  the  mode  of  origin  of  atolls  and  barrier- reefs,  even  if  it  be 
partially  true.  It  would,  however,  be  out  of  place  here  to  enter  at  length 
into  the  causes  to  which  modern  investigators  refer  the  different  forms  of 
coral-reefs. 


As  regards  their  distribution  in  time ,  the  Zoantharia  sclero- 
dermata  are  abundant  as  fossils,  and  have  played  an  important 
part  in  the  formation  of  limestones  in  the  later  periods  of  the 
earth’s  history.  The  earliest  examples  of  the  group  appear  in 
the  Ordovician  rocks ;  and  the  great  family  of  the  Favositidce 
is  represented  by  numerous  types  in  the  Palteozoic  deposits, 
and  especially  in  the  Silurian  and  Devonian  formations.  The 
Perforata  attained,  howrever,  a  much  greater  development  in 
Mesozoic  and  Cainozoic  time,  and  they  appear  to  have  reached 
their  maximum  at  the  present  day.  The  same  is  true  of  the 
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Aporosa,  unless,  as  is  not  impossible,  it  should  ultimately  be 
found  that  the  so-called  “  Rugose  corals  ”  are  truly  referable  to 
this  section  of  the  Zoanthana. 


CHAPTER  XIII. 


R  UGOSA. 

The  members  of  this  order  agree  with  the  Zoanthana  sclcro- 
dermata  in  possessing  a  well-developed  sclerodermic  com  Hum, 
with  a  true  theca ,  but  generally  possessing  both  tabula  and  septa 
combined.  The  sepia,  however ,  are  generally,  though  not  always, 
arranged  tetramerously  ;  and  there  is  commonly  a  single  predomi¬ 
nant  septum  (sometimes  three  such),  or  a  vacant  space  (fossu/a) 
representing  such  a  septum.  Some  of  the  Rugosa  are  simple, 
others  are  compound;  but  the  latter  are  destitute  of  a  true 
ccenenchyma.  The  mode  of  increase  in  the  compound 
forms  is  principally  by  calicular  gemmation,  or  by  lateral 

The  'organisms  which  have  usually  been  included  under  the 
name  of  Rugosa  are  probably  of  different  affinities  ;  and  as 
they  are  extinct,  and  therefore  only  known  to  us  by  their  hard 

parts,  there  are  many  points  in 
their  structure  which  are  only 
imperfectly  understood.  The 
typical  members  of  the  Rugosa 
are  clearly  Actinozoan,  and  are, 
in  fact,  obviously  nearly  related 
to  the  Zoantharia  sclerodermata. 
In  both  of  these  groups  the  coral- 
lum  may  be  simple  or  compound ; 
in  both  alike  the  simple  form  of 
corallum  (fig-  104)  consists  ot  an 
outer  wall  or  “  theca,”  enclosing 
a  central  space  or  “visceral  cham¬ 
ber,”  which  is  divided  into  com¬ 
partments  by  a  series  of  radiating 
lamellae  or  “septa”;  in  both  alike 
the  structures  known  as  “  dissep¬ 
iments,”  “  tabulae,”  and  “coin- 
me,la,”  may  be  developed ;  and  in  both  alike  the  compound 
corallum  may  be  regarded  as  a  vanously-formed  aggregate  of 


Eitr  ioi. — A  few  calices  of  Stauria 
nstnri/onnis,  enlarged,  showing  the 
four  primary  septa  forming  a  four- 
branched  cross.  Silurian.  (Aftei 
Milne-Edwards  and  Haime.; 
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“  corallites,”  similar  in  their  fundamental  structure  to  the 
simple  corallum. 

On  the  other  hand,  the  corallum  of  the  Rngosa  exhibits  the 
following  more  striking  peculiarities:  (1.)  The  septa  appear 
to  be  primitively  developed  in  four  systems,  instead  of  six. 
Sometimes  the  adult  corallum  (as  in  Stauria,  fig.  103)  exhibits 
the  four  primitive  septa  in  a  pre-eminently  developed  condi¬ 
tion,  but  this  is  not  commonly  the  case.  Very  often,  indeed, 
the  tetrameral  arrangement  of  the  septa  is  very  obscure,  or 
cannot  be  made  out  at  all.  (2.)  The  septa  may  be  rendered 
more  or  less  irregular  in  their  arrangement  by  the  presence  of 
a  curious  vacant  space  (sometimes  three  or  four),  which  is 
known  as  the  “fossula”  (figs.  97,  B,  and  104,  B),  and  which 


I-'ig.  ,04.-Morphology  of  the  liugosa.  A,  Fragment  of  Zaphrentis  gigantea,  showing 
W  S  the  spars,^  dissepiments  crossing  the  interseptal  loculi,  the  epitheca 

(c),  and  the  thin  proper  wall  (*,).  B,  Transverse  section  of  Zaphreuth  Gueraf  eri 

and  the®"  fossul^'f/1  d'SSeIpm,ents- V"  cen‘«l  area  occupied  solely  by  the  tabuhe, 
A  .99-  C,  Longitudinal  section  of  the  last,  showing  the  arrangement 
of  the  tabula.  (A  is  after  Edwards  and  Haime  ;  B  and  C  are  after  James  Thomson.) 


appears  to  take  the  place  of  one  of  the  primitive  four  septa. 
(3.)  \\  hen  the  septa  are  well  developed,  they  generally  present 
themselves  in  the  adult  as  of  two  sizes  only,  a  larger  and  a 
smaller  (fig.  97 ,  B).  (4.)  Tabula  are  usually  present,  in  con¬ 

junction  with  the  septa.  (5.)  The  compound  coralla  possess 
no  true  ccenenchyma,  and  one  of  their  commonest  modes  of 
increase  is  by  means  of  “  calicular  gemmation.” 

As  regards  one  of  the  above-mentioned  peculiarities — viz., 
the  tetrameral  arrangement  of  the  septa — not  only  is  it  impos- 
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sible  to  demonstrate  this  in  all  the  forms  of  the  Rugosa,  but 
there  are  certain  recent  corals  (such  as  Guyma  and  Haplophyl- 
lia )  which  show  the  same  feature,  though  they  are  usually 
regarded  as  referable  to  the  Zoantharia  sclerodermata.  1  he 
curious  structure,  termed  the  “fossula,”  is  not  universal  y 
present  in  the  Rugosa ,  and  its  significance  is  not  precisely 
understood.  The  presence  of  only  two  sizes  of  septa  is  a 
phenomenon  which  can  be  recognised  in  some  typical  forms 
of  the  Zoantharia  sclerodermata.  Lastly,  “  tabulae  are  b)  no 
means  exceedingly  rare  among  the  Zoantharia  sclerodermata. 

From  a  consideration  of  these  and  other  similar  tacts  some 
authorities  have  been  led  to  regard  the  entire  group  ot  the 
Rugosa  as  referable  to  the  Zoantharia  sclerodermata ,  or  even  as 
merely  forming  a  portion  of  the  Aporosa.  This  view  is  taken 
by  Mr  Quelch,  and  is  supported  by  his  investigation  ot  the 
remarkable  recent  coral  termed  Moseleya  latistellata.  In  this 
remarkable  form  the  corallum  is  composite,  and  increases  by 
calicular  gemmation,  and  tabulae  are  developed  in  the  centie 
of  the  visceral  chamber,  while  it  has  other  characters  by  which 
it  approaches  to  the  Rugose  family  of  the  Cyathopnylhdce. 

On  the  other  hand,  it  has  to  be  borne  in  mind  that  the 
mode  of  development  and  the  arrangement  of  the  septa  in  the 
leading  types  of  Rugose  Corals  have  not  hitherto  (save  in  few 
instances)  been  investigated  with  the  accuracy  necessary  for 
the  institution  of  a  reliable  comparison  between  the  so-cahed 
Rugosa  and  the  normal  Zoantharia  sclerodermata.  n  ic 
meantime,  therefore,  it  seems  provisionally  best  to  retain  he 
Rugosa  as  a  separate  division  of  corals.  1  hat  some  of  the 
types  now  usually  placed  among  the  Rugosa  will  have  to  be 
placed  elsewhere,  may  be  taken  as  certain  It  is  also  certain 
1  that  the  discovery  of  a  type  like  Moseley  a 

has  much  diminished  the  gap  between  the 
Rugosa  and  the  ordinary  Madreporaria. 
The  affinities  of  Moseleya ,  however,  aie 
with  the  Cyathophyllidce ,  whereas  there 
are  other  well-marked  sections  of  the 
Rugosa ,  such  as  the  Zap  hr ent  idee  and 
Cystiphyllidce,  for  the  recent  relatives  ot 
which  we  have  yet  to  seek. 

I,'iSJV^«eRuto*  Among  the  more  abnormal  types  which  have 
Coral.  Devonian.  usually  been  regarded  as  referable  to  the  Ait^osa, 

are  certain  singular  cup-shaped  or  conical  organ- 
1  •  v.  ti,a  month  of  the  cup  is  provided  with  a  lid  or  operculum. 
The5’  mosT'et^ble  "f  theseis  !he  £enus  Calceola  (fig,  -5)  formerly 
referred  to  lire  Brachiopoda,  and  very  abundant  in  certain  parts  of 
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Devonian  system,  in  which  the  operculum  consisted  of  a  single  valve  or 
piece.  In  Goniophyllum  four  valves  were  present,  and  in  Cystiphyllum 
prismaticum  there  were  four  or  more  valves  in  the  operculum.  It  is 
worthy  of  notice  that  some  recent  corals  (species  of  Primnoa,  Paramur- 
icca,  and  others)  exhibit  also  a  more  or  less  complete  operculum.  The 
calices  of  Cryptohelia  pudica  (one  of  the  Hydroid  group  of  the  Stylaster- 
idic)  are  also  protected  by  a  calcareous  lamina  in  front  of  each. 

As  regards  their  distribution  in  time ,  most  of  the  corals  which 
have  usually  been  referred  to  the  Rugosa  are  essentially  Palae¬ 
ozoic,  and  abound  in  the  Ordovician,  Silurian,  Devonian,  and 
Carboniferous  periods,  a  few  forms  also  occurring  in  the  Per¬ 
mian  rocks.  The  genus  Holocystis  is,  however,  a  Cretaceous 
type  (Lower  Greensand) ;  while  the  Tertiary  genius  Conosmilia 
has  been  referred  to  the  Rugose  family  of  the  Stauridce. 


CHAPTER  XIV. 

ALCYONARIA. 

The  second  great  division  of  the  living  Actinozoa  is  that 
of  the  Alcyonaria  or  Octactinice ,  defined  by  the  possession  of 
polypes  with  eight  pinnately fringed  tentacles,  the  mesenteries  and 
intermesenteric  chambers  being  also  eight  in  number.  The  corallum 
is  usually  sclerobasic,  or  spicular,  or  formed  of  both  an  axial 
sclerobasis  atid  detached  spicules  ;  if  “  thecae  ”  are  present,  as  is 
rarely  the  case,  septa  are  wanting  or  rudimentary. 

The  Alcyonaria  are  essentially  distinguished  from  the  Zoan- 
thana  by  the  possession  of  eight  unpaired  mesenteries  and 
eight  tentacles  (reduced  in  some  rare  cases  to  six  or  four). 

I  lie  mesenteries  (fig.  106)  are  symmetrically  grouped  round  the 
oesophagus,  so  that  there  is  a  dorsal  intermesenteric  space,  and  a  ventral 
one,  together  with  three  lateral  compartments  on  each  side.  The 
“directive”  mesenteries  of  the  ventral  side  (fig.  106,  Nos.  1,  1),  have  the 
longitudinal  retractor  muscles  attached  to  their  opposed  faces  ;  whilst  the 
opposed  sides  of  the  dorsal  directive  mesenteries  have  the  transverse 
muscles.  I  he  mesenteries  are  not  in  pairs;  and  the  order  in  which 
they  appear  has  not  been  precisely  investigated,  the  numbering  given  in 
the  annexed  figure  not  being  certainly  known  to  express  the  order  in  which 
these  structures  are  developed. 

\\  ith  the  exception  of  two  genera  ( Haimeia  and  Hartea), 
both  of  which  are  possibly  founded  upon  immature  forms,  the 
Alcyonaria  are  all  composite,  the  tubular  polypes  being  united 
by  a  ccenosarc,  and  their  body-cavities  being  placed  in  com- 
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munication  by  means  of  anastomosing  canals,  which  ramify  in 
the  ccenosarc,  and  permit  of  a  free  circulation  of  nutrient  fluids. 
The  form  of  the  colony  differs  greatly  in  different  cases,  but 

none  possess  the  power 
of  independent  locomo¬ 
tion,  most  being  rooted 
to  foreign  objects,  or  sunk 
in  the  mud.  The  poly¬ 
pes,  in  most  of  the  essen¬ 
tial  points  of  their  organ¬ 
isation,  agree  with  those 
of  the  Zoantharia,  the 
mouth  opening  into  a 
tubular  gullet,  which 
in  turn  communicates 
freely  with  the  body- 
cavity,  and  the  oesopha¬ 
gus  being  connected  with 

[,'jrr  106. — Transverse  section  of  a  polype  of  A  l-  UlC  body-wall  by  means 
cyonium,  enlarged.  After  0^andR;  H  ertw.g.)  q{.  ^  s£ries  0f  vertical 

membranous  laminae  or 
The 

mesenteries,  however,  are 
only  eight  in  number, 
and  are  not  paired,  one  of  the  tentacles  corresponding 
with  and  opening  into  each  intermesenteric  chamber.  A 
corallum  may  be  wanting,  and  when  present  its  structure 
varies.  In  some  cases,  lastly,  it  has  been  shown  that  the 
actinosoma  normally  consists  of  two  kinds  of  polypes— one 
sexual,  the  other  sexless  and  permanently  rudimentary.  All 
the  Alexandria  are  marine.  The  recent  Alcyonaria  are  divided 
into  five  families —  viz.,  the  Alcyonulce ,  the  Tubipondce ,  the 
Pennatulidce ,  the  Gorgonidce ,  and  the  Helwpond*. 

Family  I.  Alcyonid.e. — This  family  is  characterised  by 
the  possession  of  cc  fixed  actinosoma,  which  is  provided  with a 
sclerodermic  corallum  in  the  form  of  calcareous  spicula  embeddeu 

the  t;ssl/es  The  spicules  are  mostly  fusiform  in  shape,  and 
are  generally  present  both  in  the  polypes  themselves  and  in 
the  connecting  ccenosarc ;  but  there  is  no  central  solid  axis. 

AlZnium  may  be  taken  as  the  type  of  the  family,  and  it 
is  well  known  to  fishermen  under  the  name  of  “  Dead-men  s 
fingers  ”  It  forms  spongy-looking,  orange-coloured  crusts  or 
lobate  masses,  which  are  attached  to  submarine  objects  and 
are  covered  with  little  stellate  apertures,  through  "  lich  the 
delicate  polypes  can  be  protruded  and  retracted  at  will.  he 


cyonium,  emargeu.  •  r 

The  numbers  indicate  the  four  pairs  of  mes 
enteries.  r  (Esophagus  transversely  divided  , 

bn  One  of  the  eight  longitudinal  “  retractor  (  ■  » 

muscles  of  the  mesenteries;  ve  Ventral  side  of  niCSCntCI  1  c b. 
polype;  do  Dorsal  side.  Nos.  i,  i  and  4,  4  are 
the  “directive”  mesenteries. 
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polypes  communicate  with  one  another  by  an  anastomosing 
system  of  aquiferous  tubes,  and  the  corallum  is  in  the  form 
of  cruciform,  calcareous  spicula  scattered  through  its  sub¬ 
stance.  In  the  allied  Sarcodictyon  the  actinosoma  is  creeping 
and  linear. 

In  Xenia  the  colony  is  branched,  and  the  polypes  are  non- 
retractile ;  and  in  Anthelia  and  Sympodium  the  actinosoma 
has  the  form  of  a  membranous  crust  attached  to  foreign 
bodies.  Lastly,  in  Sarcophyton  (as  shown  by  Moseley)  the 
colony  consists  of  reproductive  zooids,  which  have  generative 
organs  and  tentacles,  and  of  sexless  zooids,  which  have  neither 
of  these  organs,  but  possess  a  mouth  and  stomach-sac. 

Family  II.  Tubiporid/E. — In  the  Tubiporidce,  or  “  Organ- 
pipe  corals,”  of  which  T.  musica  (fig.  107)  is  a  familiar  example, 


Fig.  107. — A,  Portion  of  the  corallum  of  fubipora  musica ,  of  the  natural  size,  showing 
the  tubular  corallites  and  their  connecting  floors.  B,  Polype  of  the  same,  greatly 
enlarged,  showing  the  mouth  and  tentacles. 

there  is  a  well-developed  sclerodermic  corallum  with  tliecce,  but 
without  septa.  The  corallum  is  composed  of  a  number  of 
bright-red,  tubular,  cylindrical  thecie,  which  are  united  toge¬ 
ther  externally  by  horizontal  plates  or  floors,  which  appear  to 
be  formed  by  periodical  extensions  from  the  mouths  of  the 
tubes.  The  polypes  are  usually  bright  green  in  colour,  and 
possess  eight  tentacles  each. 

As  shown  by  Prof.  Perceval  Wright,  the  tubes  of  Tubipora 
are  in  reality  composed  of  fused  spicules ;  and  the  polypes 
when  alarmed  retract  themselves  within  their  tubes,  the  upper 
portions  of  which  are  composed  of  loose  fusiform  spicules,  and 
are  thus  capable  of  withdrawal  into  the  lower  dense  portion  of 
the  thecie.  The  Organ-pipe  Corals  are  confined  to  the  warm 
seas  of  the  “  coral-reef  region.” 

Family  III.  Pennatulid/k. — The  Pennatulidce,  or  “Sea- 
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pens,”  are  defined  by  their  free  habit,  and  by  the  possession 
of  a  sclerobasic  rod-like  corallum,  sometimes  associated  until  sclero¬ 
dermic  spicules. 

Pennatula ,  or  the  11  Cock’s-comb  ”  (fig.  109),  consists  of  a 


Fig.  108. — Colony  of  Veretillum  cytio - 
morinm ,  of  the  natural  size,  with 
the  polypes  protruded. 


Fig.  109. — Pennatula  sulcata ,  seen 
from  the  dorsal  side.  Slightly 
reduced,  after  Kolliker. 


free  coenosarc,  the  upper  end  of  which  is  fringed  on  both  sides 
with  feather-like  lateral  pinnse,  which  bear  the  polypes  ;  whilst 
its  proximal  end  is  smooth  and  fleshy,  and  is  probably  sunk  in 
the  mud  of  the  sea-bottom.  This  latter  portion  of  the  cceno- 
sarc  is  likewise  strengthened  by  a  long,  slender,  styhform 
sclerobasis,  resembling  a  rod  in  shape,  whilst  spicula  occur 
also  in  the  tentacles  and  ectoderm. 

In  Virgularia  (fig.  no),  which,  like  Pennatula,  occurs  not 
uncommonly  in  British  seas,  the  actinosoma  is  much  longer 
and  more  slender  than  in  the  preceding,  and  the  polype-bear¬ 
ing  fringes  are  short.  The  sclerobasis  is  in  the  form  ot  a  long 
calcareous  rod,  like  a  knitting-needle,  and  part  of  it  is  usually 
naked.  In  the  nearly-allied  Pavonaria  the  polype-mass  is 
quadrangular  in  shape. 

In  Veretillum  (fig.  108),  the  upper  portion  of  the  colony  is 
short  and  club-shaped,  and  carries  the  polypes  all  round  its 
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Fig.  no. — PennatulidEe. 
Virgularia  mirabilis. 
a  A  portion  of  the  stem 
in  the  living  condition, 
enlarged  ;  b  Portion  of 
the  stem  in  its  dead 
condition. 


circumference,  and  the  same  is  the  case  in  Cophobelemnon ; 
whilst  in  Renilla  the  polypes  are  unilateral,  and  the  polyp- 
iferous  coenosarc  is  thin  and  reniform. 

In  many  of  the  Pennatulidce ,  as  originally  shown  by  Kolliker, 
the  actinosoma  consists  of  two  classes  of 
zooids — the  one  composed  of  sexually  ma¬ 
ture  polypes,  the  other,  more  numerous,  of 
sexless  polypes — which  have  a  body-cavity 
and  stomach,  but  have  neither  mouth  nor 
tentacles.  These  sexless  zooids  may  be 
distributed  promiscuously  over  the  whole 
actinosoma  ( Veretillum ,  & c.),  or  they  may 
be  restricted  to  definite  regions  ( Pennatula , 

Virgularia).  Whilst  many  of  the  Penna¬ 
tulidce  seem  to  live  habitually  sunk  partially 
in  the  mud  of  the  sea-bottom,  others  are 
found  freely  floating  in  the  water,  and  their 
mode  of  life  is  not  completely  understood. 

Family  IV.  Gorgonidce.  —  In  the  Gor¬ 
gonidce ,  or  “  Sea-shrubs,”  there  is  an  arbores- 
cent  coenosarc  permanently  rooted  and  provided 
until  a  grooved,  or  silicate,  branched  sclerobasis, 
associated  until  variously -shaped  spicules  (fig.  iii),  which  are 
secreted  by  the  soft  tissues,  and  are  termed  “  dermosclerites P 

The  sclerobasis  of  the  Gorgonidce  varies  a  good  deal  in  its 
composition.  In  some  it  is  corneous,  and  these  have  often 
been  confounded  with  the  Antipathidce,  amongst  the  Zoan- 
thana.  The  distinction,  however,  between  them  is  easy,  when 
it  is  remembered  that  the  polypes  in  the  Gorgonidce  have 
tentacles  in  multiples  of  four,  whilst  in  the  Antipathidce  they 
are  in  sixes.  The  sclerobasis,  too,  in  the  former  is  always 
marked  by  grooves,  whereas  in  the  latter  it  is  always  either 
smooth  or  spinulous.  In  Isis  and  Mopsea  the  sclerobasis  con¬ 
sists  of  alternate  calcareous  and  horny  segments,  branches 
being  developed  in  the  former  from  the  calcareous,  and  in  the 
latter  from  the  horny  segments. 

In  Corallium  rubrum,  the  “  Red  Coral  ”  of  commerce  (fig. 

1 1 2),  the  sclerobasis  is  unarticulate,  or  unjointed,  and  is  en¬ 
tirely  calcareous.  It  is  an  inhabitant  of  the  Mediterranean, 
and  is  largely  imported  for  ornamental  purposes.  Red  Coral 
consists  of  a  branched,  densely  calcareous  sclerobasis,  which 
is  finely  grooved  upon  its  surface,  is  of  a  bright-red  colour,  and 
is  in  reality  composed  of  fused  spicules.  The  corallum  is  in¬ 
vested  by  a  coenosarc,  also  of  a  red  colour,  which  is  studded 
by  the  apertures  for  the  polypes,  which  are  white,  and  possess 
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eight  pinnately-fringed  tentacles.  The  entire  ccenosarc  is 
channelled  out  by  a  number  of  anastomosing  canals,  which 
communicate  with  the  somatic  cavities  of  the  polypes,  and  are 
said  to  be  in  direct  communication  with  the  external  medium 
by  means  of  numerous  perforations  in  their  walls.  The  entire 
canal  system  is  filled  with  a  nutrient  fluid,  containing  cor¬ 
puscles,  and  known  as  the  “milk.”  _ 

In  the  typical  Gorgonicc  the  sclerobasis  is  horny,  and  more 
or  less  arborescent,  and  the  same  is  the  case  in  the  “Fan 
Corals”  ( Rhipidogorgia,  fig.  hi,  A,  B,  C),  in  which  the  coral- 


v  wmmmM 


reduced 
-  v”'*  r-  cells.  C, 
;h owing  the  horny 


BrancMet  of 'the  ly  "^de'niiiTo^j ""  oF" 

:  D.  &  F-  * 

ochracea.  (After  A.  Agassiz  and  kulliker.) 

lum  has  the  form  of  a  regularly  reticulate  fan-shaped  expansion 
The  soft  tissues  of  the  Gorgonidce  are  abundantly  supplied  with 
sclerodermic  secretions  in  the  form  of  calcareous  spicules  of 
very  various  shapes,  and  often  of  very  brilliant  colours,  whic 
•ire' in  many  instances  of  such  characteristic  figures  that  the) 
can  be  employed  as  a  ground  of  generic  d^tmcUon.  1  hese 
spicules  (“  sclerites  ”)  are  very  generally  buried  m  the  solt 
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tissues,  but  they  may  project  beyond  the  surface  of  the  cceno- 

sarc  in  such  numbers  as  to  render  the  integument  rough  and 
prickly. 


r  i 


>g-  112. 


Red  Coral  (i Co, allium  rubrum),  of  the  natural  size,  and  a  portion  enlarged. 


Family  V .  Helioporid/e. — The  Alcyonarians  of  this  group 
possess  a  well-developed  sclerodermic  corallum ,  composed  of  tabu- 

n,CJflbeS  V7°,  SlZCS'  thc  lar§er  0ncs  beins  finished  with  nidi- 
merit  ary  septal  laniince. 

The  family  Helioporida  has  been  recently  founded  by  Prof 

°r,w  recepu°n  of  the  livin§  Heliopora  ccerulea 
In6;,"3,!’™  ?[  anumber  of  extinct  corals  previously  placed 
T  r t r  abu,  ate  section  of  the  Zoantharia  sclerodermata. 

con S"?  16  n°raIluni  15  com posite  and  sclerodermic,  and 
composed  of  corallites  united  by  what  has  usually  been  regarded 
as  a  ccenenchyma.  I  he  corallites  are  tubular,  crossed  by 

mannderVnl0rd  ‘  •'E’  and  havinS  their  vvalIs  folded  in  such  a 

f  ,  s.  °.  §lve  rise  to  a  variable  number  (generally  twelve) 

S0  cabed-  »  imposed 
closelvdSl  k  ’  0f,smallersize  than  the  true  corallites,  packed 
^  Slde’  crossetl>  like  the  corallites,  by  regular 
transverse  tabulae,  but  destitute  of  septa.  The  soft  parts 

°“Ty  J  f  l;arlS  of  the  corallum  above  the  upper , tost 
ni,  1  ther-?r  "P’y  a  surface-layer  of  the  Colony  is 
}  <■  ve.  I  he  polypes  are  completely  retractile,  with 
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eight  pinnately-fringed  tentacles,  and  eight  mesenteries.  The 
mesenteries,  however,  have  no  correspondence  wlth  the  sePta’ 
which  are  twelve  in  number  as  a  rule.  1  he  septa  are  thus 


Fig.  x.3-A,  Colony  of  apertu^’ ^ 

C,C  Vertical  S'n  of a  few  of  the  t^bes  ofthe  .tune,  enlarged,  showing  the  tabulx. 
(After  Dana.)  , 


seen  to  be  pseudo-septa,  and  they  cannot  be  regarded  as  being 
homologous  with  the  septa  of  the  Zoanthana 
The  so-called  coenenchymal  tubes  are  occupied  by  sacs  line 
by  the  endoderm,  which  are  closed  externally  but  communicate 
freely  with  the  body-cavities  of  the  polypes  by  means  ot  trans¬ 
verse  canals;  and  Prof.  Moseley  suggests,  with  great  proba¬ 
bility  that  these  are  really  of  the  nature  of  rudimentary  sexless 
polypes  The  genus  HclioPora  is  confined  to  the  Pacific  and 

InVCTy°sSar  to  the  recent  Heliopora,  in  many  obvious 
characters  are  a  number  of  well-known  fossil  corals,  pnnci- 
mUv  PaSozoic,  of  which  Heliolites  may  be  taken  as  the  type, 
1  nd  which  were  formerly  regarded  as  belonging  to  the 
'•  Tabulate  ”  section  of  the  Zoanthana  sclerodermata.  In  Hdu 
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/ites  (fig.  1 14),  there  is  a  well-developed  sclerodermic  corallum, 
with  comparatively  large-sized,  tubular,  regularly  tabulate  cor- 
allites,  usually  possessing  distinct  but  rudimentary  septa,  inter- 


a  b 


a. 


b 


C 


Fi§',inn  ' fA'h  Sma  r  COl017  uf  Heliolites  ™g*sto,„a,  of  the  natural  size.  B,  Small  nor- 
non  of  the  surface  of  the  same,  magnified,  showing  the  calices  («)  and  the  mouths 
c®nenchym.al  tubes  (/>).  C,  Vertical  section  of  the  same,  enlarged  showing 
the  tabulate  coralhtes  («),  and  the  tabulate  tubes  of  the  ccenenchyma  (l>).  (Original?) 


mingled  with  a  copious  ccenenchyma  (so-called)  formed  of 
tabulate  geometric  tubuli,  much  smaller  than  the  corallites 
and  destuute  of  septa.  In  spite  of  the  close  resemblance  of 
Heliolites  and  its  allies  (Polytremacis,  Propora ,  Plasmopora, 
to  Helwpora ,  there  are  certain  structural  features  in  the 
former  which  will  require  a  thorough  investigation  before  it 
will  be  possible  to  assert  with  absolute  certainty  that  all  these 
types  belong  to  a  single  group. 


CHAPTER  XV. 

CTENOPHORA. 

Order  I\.  Cienophora. — The  Ctenophora  comprise  “  trans- 
part  n  ,  oceanic,  gelatinous  Actinozoa ,  swimming  by  means  of 
cenop/iores,  or  parallel  rows  of  cilia  disposed  in  comb-like  plates. 
No  corallum  ”  (Greene). 
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The  members  of  this  order,  sometimes  regarded  as  a  separ¬ 
ate  class,  are  all  free-swimming  organisms,  and  they  are  placed 
by  many  amongst  the  Hydrozoa ,  from  which,  however,  the) 
appear  to  be  clearly  separated  by  the  possession  of  a  differ¬ 
entiated  digestive  sac,  as  well  as  by  their  analogies  with  the 
Actinozoa,  and  their  generally  superior  degree  ot  organisation. 

Pleurobrachia  ( Cydippe )  may  be  taken  as  the  type  of  the 
order,  the  structure  of  all  being  similar  to  this  in  essential 
points.  Pleurobrachia  (fig.  115)  possesses  a  transparent,  col- 


Fie  Tie  —  AUult  of  Pleurobrachia  rhododactyla ,  in  a  natural  attitude  and  of  the  natural 
g'  size.  (After  A.  Agassiz.)  <r  One  of  the  ctenophores  ;  t  One  of  the  tentacles. 


ourless,  gelatinous,  melon-shaped  body,  or  “actinosoma,  in 
which  the  two  poles  of  the  sphere  are  termed  respectively  the 
“oral”  and  “apical”  (or  “aboral”),  and  the  rest  of  the  body 
constitutes  the  interpolar  region.  At  the  oral  pole  is  the 
transverse  mouth,  bounded  by  lateral,  slightly  protuberant 
margins.  “  Eight  meridional  bands,  or  ‘ctenophores  bearing 
the  comb-like  fringes,  or  characteristic  organs  of  locomotion, 
traverse  at  definite  intervals  the  interpolar  region,  which  they 
divide  into  an  equal  number  of  lune-like  lobes,  termed  the 
‘  actinomeres  ’ ;  but  this  division  of  the  body  does  not  extend 
into  the  immediate  vicinity  of  the  poles,  before  reaching  which 
the  ctenophores  gradually  diminish  1.1  diameter,  each  termin- 
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ating  in  a  point  ”  (Greene).  The  normal  number  of  the 
ctenophores  is  eight  (four  or  twelve  in  some  other  forms),  and 
each  consists  of  a  band  of  surface  elevated  transversely  into  a 
number  of  ridges,  to  each  of  which  a  fringe  of  cilia  is  attached, 
so  as  to  form  a  comb-like  plate.  The  cilia  in  the  middle  of 
these  paddle-like  transverse  ridges  are  the  longest,  and  they 
gradually  diminish  in  length  towards  the  sides,  so  that  the 
form  of  each  comb  is  somewhat  crescentic.  Beside  the  comb¬ 
like  groups  of  vibratile  cilia,  Pleurobrachia  is  provided  with 
two  very  long  and  flexible  tentacular  processes,  which  are 
fringed  on  one  side  with  small  cirrhi.  These  filamentous  pro¬ 
cesses  arise  each  from  a  sac,  situated  on  one  of  the  lateral 
actinomeres,  within  which  they  can  be  completely  and  instan¬ 
taneously  retracted  at  the  will  of  the  animal. 

1  he  mouth  of  Pleurobrachia  (fig.  116,  a)  opens  into  a  fusi- 


fig.  1 16.  Morphology  of  Ctenophora.  i.  Diagrammatic  transverse  section  of  P/euro- 
brachm.  b  Digestive  cavity  \i  i  Primary  radial  canals ;  kk  Secondary  radial  canals  • 
III  erttary  radial  canals ;  s  Tentacle.  > 

^tUdlna!  s-ection  of  Pleurobrachia.  a  Mouth  ;  b  Digestive  cavity  ;  c  Fun- 
rk^rfAfter  Huxley./  '  Ap‘Ca‘  P^oral  canais ;  /rentacle  ; 


form  oesophagus  {b),  the  lower  part  of  which  is  provided 
with  brown  cells,  supposed  to  discharge  the  functions  of  a  liver. 
I  he  gullet  opens  below  into  a  shorter  and  wider  cavity  (c), 
termed  the  funnel,  from  which  two  canals  diverge  in  the 
direction  of  the  vertical  axis  of  the  organism,  to  open  at  the 
apical  pole.  These  canals  are  known  as  the  “  apical  canals  ” 
(e),  and  their  apertures  as  the  “apical  pores.”  From  the 
funnel  two  other  pairs  of  canals  are  given  off.  Of  these,  one 
Pair~*inown  as  the  “  paragastric  canals” — turns  upwards,  one 
running  parallel  to  the  digestive  sac  on  each  side  (<i),  and 
,  terminating  ciecally  before  quite  reaching  the  oral  extremity.” 
I  he  second  pair  of  canals  (*) — the  so-called  “  radial  canals  ” — 
branch  olf  from  the  funnel  laterally,  each  dividing  into  two, 
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and  then  again  into  two,  as  they  proceed  towards  the  periphery 
of  the  body.  Thus  the  two  “  primary  ”  radial  canals  produce 
four  “secondary”  canals  (k),  and  these,  in  turn,  give  rise  to 
eicrht  “tertiary”  radial  canals  (/),  which  finally  terminate  by 
opening  “  at  right  angles  into  an  equal  number  of  longitudinal 
vesselsfthe ‘ctenophoral’  canals  (/),  whose  course  coincides 
with  that  of  the  eight  locomotive  bands.  1  hese  canals  end 
oecally  both  at  their  oral  and  apical  extremities  (Greene). 
The  whole  of  this  complex  canal-system  is  lined  by  a  ciliated 
endoderm,  and  a  constant  circulation  of  the  included  nutrient 

fluid  is  thus  maintained.  .  ,,  _  . 

Immediately  within  the  apical  pole  is  situated  a  small  cyst 
or  vesicle,  supposed  to  be  an  organ  of  sense,  and  termed  the 
”  in  structure  the  “ctenocyst  consists  of  a 


spherical  vesicle,  lined  with  a  ciliated  epithelium,  and  fil it 
with  a  clear  fluid,  which  contains  mineral  particles,  probably  of 
carbonate  of  lime.  Just  beneath  the  ctenocyst  is  a  cellular  mass 
“  otohth  plate  ”)  which  is  generally  believed  to  be  of  a  nervous 
nature.  The  reproductive  organs  of  Pleurobrachia  aie  m  the 
form  of  folds,  containing  either  ova  or  spermatozoa,  and  situ¬ 
ated  beneath  the  endodermal  lining  of  the  ctenophoral  canals, 

°nThe  embryo  Pleurobrachia  is  at  first  rudely  cylindrical  in 
form,  a  belt  of  cilia  passing  round  the  middle  of  its  body. 
This  soon  breaks  up  into  two  lateral  groups,  which  eventually 
disappear  altogether.  The  primitive  ctenophores  are  four  in 
number,  each  ultimately  breaking  up  into  two. 

As  regards  the  homologies  between  Actinia  end  PkurAracMa,  the 

nutrient  system"  (the 

are  thl  homologue,  of  those  parts  o  ft be  : B«  £ 

are  central  in  position,  and  undei lie  the  lice  en  »  th  lateral 

IStP  ic,  reduced  to  the  condmon  _of  Wbes  tjhe 

intervene  becoming  vuy  t  _  R  .< apical "  canals,  again,  by  which 

yW,5)  Sveming  the  asis  ot  the  base  o,  toot. 
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The  remaining  members  of  the  Ctenophora  conform  in  most  essential 
respects  with  Pleurobrachia,  the  most  important  differences  being  found  in 
the  canal-system.  For  purposes  of  comparison  this  system  may  be  divided 
into  four  portions  as  follows:  I.  The  “axial  system,”  consisting  of  the 
mouth,  stomach,  funnel,  and  apical  canals;  2.  The  “paraxial  system,” 
comprising  the  paragastric  canals;  3.  The  “radial  system,”  comprising 
the  primary,  secondary,  and  tertiary  radial  canals;  4.  The  “  ctenophoral 
system,  consisting  of  the  tubes  which  run  underneath  the  locomotive  bands. 

In  Beroe,  which  is  in  other  respects  very  similar  to  Pleurobrachia,  the 
axial  system  of  canals  is  the  same  as  we  have  seen  in  the  latter.  The 
paiaxial  system,  however,  consists  of  tivo  pairs  of  paragastric  canals, 
which,  instead  of  terminating  cmcally,  open  into  a  circular  canal  which 
surrounds  the  mouth.  The  ctenophoral  canals,  likewise,  open  into  the  oral 
vessel,  instead  of  terminating  csecally  as  in  Pleurobrachia.  Lastly,  the  ra¬ 
dial  system  is  not  developed,  the  ctenophoral  canals  simply  curving  round 
towards  their  apical  extremities,  and  opening  into  the  funnel  directly. 


Fig.  1 17.  Ctenophora.  Cesium  Veneris,  reduced  in  size. 


Amongst  the  Berotdce  the  mouth  extends  entirely  across  the  oral  ex- 
treimty  of  the  body ;  hence  they  have  been  termed  Eurystomata,  the  term 
Sieuosiomaia  being  applied  collectively  to  all  the  other  Ctenophora. 

The  Beroida  further  differ  from  Pleurobrachia  in  being  destitute  of  the 
long  tentacular  appendages  so  characteristic  of  the  latter. 

or  “Venus’s  Girdle”  (fig.  117),  “elongation  takes  place  to 

a  flat  ribbonT  ft  ?  ang’eS  t0  the  direction  of  digestive  tract, 
mu’  J?r  n’/h  l  d  body’  a  foot  or  more  in  length,  being  the  result.” 

I  he  Ctenophora  may  be  divided  into  the  following  groups 

A'  SYST°MAfA-7(?ra,1  a,Perture  lal'ge,  occupying  the  whole  of  the 
oral  extremity  of  the  body. 

1.  Bermdic.  The  paragastric  canals  opening  into  a  circumoral 
ring.  No  tentacles.  Ex.  Beroe ,  Idyia. 

Si  ENOSTOMATA. — Mouth  small  and  narrow. 

2.  Saccate?.  No  circumoral  canal ;  tentacles  two.  Ex.  Pleuro- 
tnachia,  Eschscholtzia,  Hormiphora. 

3.  0  atce.  Body  furnished  with  a  pair  of  wing-like  oral  exten¬ 
sions  01  lobes.  Ex.  Bolitta,  Mnemia,  Eucharis,  Lesueuria. 

4.  Pmiatcr.  Body  ribbon-like;  no  oral  lobes;  two  tentacles 
Ex.  Cesium. 
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CHAPTER  XVI. 

E  CHIN  ODE  R  M  A  TA. 

kingdom  Radiata.  Hie  d  however  conclusively  demon- 

from  that  of  the  Kwb'noderns  classificati0n  of  the  two 

strated  by  Leuckart ;  ^ jj  C;  ^ _kingdom  has  been  almost 
groups  in  a  common  ‘  ,  other  hand  there  exist  undoubt- 

universally  abandon^.  On  tlmotheiHiruid,tn^  certain  of  the 

ed  relationships  betw een  t  d  it  was  proposed  by  Pro- 

lower  groups  of  Worms  t0“ 1 groups  in  a  com- 

fessor  Huxley,  on  this  giou  >  f  Anmjoida  was 

mon  division  of  animals  for  *  »  ™e  whol  raost  in  ac- 

proposed.  It  appears,  how  ,  1^  d  [he  Edl;mdermata  as 

bilateral  symmetry  more  oi  tas*tois«W  ^ 

a  distinct  anus,  separate 
tary  canal  is  present,  svstem  of  water-vessels ,  often 

from  the  proper  i body-cat  •  Jerior  Jnd  generally  connected 
communicating  direct  y  i  :  present.  The  nervous  system 
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The  members  of  this  sub-kingdom  are  known  commonly  is 
Sea-urchins  Star-fishes,  Brittle-stars,  Feather-stars,  Sea-lilies 
Sea-cucumbers,  &c. ;  and  though  the  fully-grown  animal  often 


of'th^naturai  sizf ' "(After  Sir  Three-fou 

completely  n^TK  0™ikteraIity>  this  is  usually  more  or  h 
parts  of  the  body  ^  general  radiate  arrangement  of  t 
KusuanvsSn7'  J ■ the  °fher  ha^,  the  embryonic  Echh 
of  the  eenen  1  T?  dlStmct  b.llateral  symmetry.  The  outer  lay 
inner  laveHs  mn  SU^entu(“penS0me”)  is  ciliated,  and  t 
bonate  of  lim  •  °V  CSS  barciened  by  the  deposition  of  c; 
extern -Im'hm'T  °f  |)lMes>  Saules,  o'r  spicules.  T 
extremely  in  lire  .lardenlng  ol  t,le  integument  goes  on  vari 
c«  i  ,  I'""1  f°l'l,s  of  the  Echinoderms.  In  so, 

,  ns  m  the  Sea-urchins,  the  body  is  enclosed  in  a  contin 
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o»s  series  of  calcareous  plates,  which  ~Uy  «ably 

commonly  have’ calcareous  spicules  developed  ir .  their  walls  ■ 
while  calcareous  plates  or  processes  may  be :  ptoduced  for  the 
attachment  of  muscles.  The  most  mjgwutt  * 

ss.'s™sa«  j.  ij-p* 

gttiS^-assssaa 

characteristic  appearance.  noderms  is  completely  cut 

The  alimentary  canal  of  all  Echmoderm  conJmunicatt5 

off  from  the  general  body-cavity,  an  >  (he  latter 

with  the  exterior  by  both  a  mouth  andean  a  ^  StM.fishe,. 
opening  is  wanting  m  1  j.  t  or  convoluted;  and  it 

are  amoeboid  masses  of  protop  a  >  ®f  tp  ,  body-cavity 

corpuscles  of  Vertebrate _  annuals  1  he  Inn =  °t 

being  ciliated,  a  circulation  is  kept  up  m  P  carried 

and  in  this  way  the  process  of  respiration  P  y  Qf 

on.  There  exists,  moreover  in  the  Echmode  ) ponding 

vessels  which  have  usually  been  regarded  ,1  m 

with  the  proper  b  °od-vessels  of  ““nding  the  gullet 

consists  essentially  of  a  cn  .  -  t:on  0f  the  intestine, 
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its  vascular  nature  being  entirely  denied  by  some,  while  it  has 
been  compared  by  others  with  the  pseudohsemal  system  of  the 
Annelides. 

Among  the  most  characteristic  of  all  Echinodermal  structures 
are  the  so-called  “water-vessels”  or  “ambulacra!”  vessels. 
J  his  system  consists  of  a  series  of  musculo-membranous  tubes 
hlled  with  a  watery  fluid,  and  connected  with  the  function  of 
respiration,  while  at  the  same  time  commonly  subserving  loco¬ 
motion.  It  consists  essentially  of  a  circular  vessel  which  sur¬ 
rounds  the  commencement  of  the  alimentary  canal,  and  gives 
olf  secondary  vessels  in  a  radiating  manner.  The  “radiating 
vessels  usually  give  off  at  right  angles  numerous  short  lateral 
U]  »S-  ie  t’-1^)e‘feet  or  “pedicels”);  and  the  “circular  ves¬ 
sel  is  generally  placed  in  communication  with  the  exterior  bv 
a  special  canal  (“sand-canal  ”),  which  opens  on  the  surface  by 
a  spongy  calcareous  plate  (“  madreporite  ”).  Though  com¬ 
monly  subserving  locomotion,  the  ambulacral  vessels  &are  pro¬ 
bably  primarily  respiratory  in  function  ;  and  they  not  uncom¬ 
monly  give  off  leaf-like  or  branched  external  processes 
(  ambulacral  gills  ),  which  serve  as  respiratory  organs.  In 
other  cases,  the  terminal  branches  of  the  ambulacral  vessels 
are  connected  with  the  sense  of  touch. 

The  nervous  system  of  the  Echinoderms  consists  of  a  pen¬ 
tagonal  ring  surrounding  the  gullet,  and  giving  off  radiating 
branches.  I  hough  nerve-cells  are  present,  these  are  not  aggre¬ 
gated  into  definite  ganglia.  The  oral  nerve-ring  is  superfici¬ 
ally  placed  as  regards  the  other  circum-oesophageal  rings— viz. 
ie  vascular  and  ambulacral  rings— and  the  entire  nervous 
system  is  closely  connected  with  the  epidermal  covering  of  the 
oral  surface  of  the  body. 

With  one  or  two  exceptions,  the  sexes  are  distinct  in  all 
Echinoderms;  and  the  testes  and  ovaries  are  exceedingly 
irmlar  to  one  another.  As  regards  their  position,  the  genera- 
ive  glands  alternate  with  the  radiating  nerve-cords  and  ambu- 

aref“  radial  ”  ^  ^  therefore  “  inter-radial,”  while  the  latter 

I  he  process  o {development  is  sometimes  direct;  but  in  the 
}  pica  members  of  the  class  a  characteristic  form  of  metamor- 
pnosis  occurs.  The  impregnated  ovum  gives  exit  to  an  ovoid 
1  •  ,^°  or  planula,  freely  locomotive  by  means  of  cilia, 

Ch  are  at  fir,st  diffused  over  the  body,  but  which  soon  be¬ 
nt  ti£  r<rstrict(-d  to  transverse  bands,  or  to  definite  outgrowths 
_  K  J°dy  (‘‘epaulets;  ”)  which  are  disposed  with  bilateral 
symmetry.  The  larva  or  “  pseudembryo  ”  (fig.  1 19)  next  de¬ 
ops  an  alimentary  canal,  with  a  distinct  mouth  and  anus, 
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dividing  the  embryonic  body  into  two  bilaterally  symmetrical 
halves.  A  mass  of  actively  formative  protoplasm  now  appears 
on  one  side  of  .he  stomach,  the 

whole  being  the  rudiment  of 
the  ambulacral  system  of  the 
future  Echinoderm.  A  sym¬ 
metrical  calcareous  skeleton, 
not  converted  into  that  of 
the  adult,  may  be  developed 
in  the  larva  (as  in  the  Ech- 
inoids  and  Ophiuroids),  or  it 
may  be  wanting  (as  in  the 
Asteroids  and  Holothuroids). 
The  mass  of  protoplasm, 
above  mentioned  as  devel¬ 
oped  on  one  side  of  the  stom¬ 
ach,  rapidly  increases  in  size, 
envelops  the  stomach,  which 
it  appropriates,  and  is  ultim¬ 
ately  converted  into  the  adult 
Echinoderm ;  the  remainder 

q. — Larva  of  Echinus  (after  J-  Mul-  ,  j  j  a  pe[ng  absorbed 

Terl  A  A,  Front  arms  with  their  internal  OI  tnc  taivc  & 

leT  -•  •  -r.u.  m™,fi,.nrnress:  or  cast  off  as  useless. 

The  essential  peculiarity  of 
the  development  of  the  typ¬ 
ical  Echinoderms,  as  above 

de™  ecSen  e,  Sd Yi.e  true  Echinoderm  is  produced  from 
,,,,  I  „  ,’s  of  internal  budding  or  rearrangement. 

'  Sil„ Sn^rSe'^f^h— 
ZiKom.,mie^ 

from  the  egg,  w)tht  '  aIe  hatched,  and  .he  young 

Te  hroueht  up  “within  or  upon  the  body  of  the  parent,  and 
lUe  ®  1  a  kind  of  commensal  connection  with  he 

uruifdteyare  sufficiently  grown  to  fend  for  themselves,  -there 


Fig.  119- 


one  aims 

skeleton  ;  F  F.  Arms  th«m0"th-Pl°^ol 
1!,  Posterior  side-arm  \  a  Mouth  ,  a 
nhaeus  ;  b  Stomach:  b  Intestine,  d  Cili¬ 
ated  bands  ;//  Ciliated  epaulets;  c  Disc 
of  the  future  Echinus. 
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is  no  sort  of  organic  connection  in  these  cases  between  the 
young  and  the  parent;  but  the  young  are  often  brought  up  in 
a  special  receptacle  upon  the  exterior  of  the  mother,  to  which 
the  appropriate  name  of  the  “  marsupium  ”  has  been  given. 
1  his  viviparous  mode  of  reproduction  seems  to  obtain  specially 

among  the  Echinoderms  of  the  cold  northern  and  southern 
seas. 

The  Echinodermata  are  divided  into  seven  orders — viz.,  the 
Crmoidea ,  Cystoidca ,  Blastoidea ,  Ophiuroidea,  Asteroidea,  Echi¬ 
noidea,  and  Holothuroidea.  Of  these,  the  first  is  to  a  consider¬ 
able  extent  extinct,  and  the  two  next  are  entirely  so ;  while 
they  exhibit  certain  structural  peculiarities  which  separate  them 
from  the  other  orders.  More  particularly,  the  members  of 
these  three  orders  viz.,  the  Crinoids,  Cystoids,  and  Blastoids 
—all  possess  a  dorsally'-developed  jointed  calcareous  stalk, 
which  serves  to  fix  them  to  foreign  objects,  and  which  may  be 
only  temporarily  present.  From  the  presence  of  this  jointed 
stem,  these  three  orders  are  grouped  together  in  a  single  great 
division,  under  the  name  of  Pelmatozoa.  On  the  other  hand 
the  Echinoids,  Asteroids,  Ophiuroids,  and  Holothuroids  are 
devoid  of  this  stalk  at  all  periods  of  development,  and  usually 
creep  about  by  the  aid  of  their  tube-feet,  with  the  oral  surface 
ot  the  body  turned  downwards.  They  are  therefore  grouped 
together  in  a  common  division  under  the  name  of  Echinozoa. 


CHAPTER  XVII. 
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ECHINOIDEA. 


Order  Echinoidea.— The  members  of  this  order— commonly 
known  as  Sea-urchins— are  characterised  by  the  possession  of 
J mbglobose,  discoutal,  or  depressed  body ,  encased  in  a  “ test"  or 
lS  co"‘Posed  °f  numerous,  usually  immovably  coll¬ 
ected  calcareous  plates.  The  intestine  is  convoluted,  and  there 
r  a  ls  n,cl  unus.  The  sexes  are  distinct,  and  the  larva  is  plutei- 
J<>m,ant  has  a  calcareous  skeleton.  As  regards  their  general 
ia  omy,  t  le  test  of  the  Echinoidea  is  composed  of  numer- 
His  ca  caieous  plates,  which  are  generally  firmly  united  to 
e  anot  ier  by  their  edges,  in  such  a  manner  that  the  body 
01  tne  animal  is  enclosed  in  an  immovable  box.  In  the  singu- 
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lar  Urchins,  however,  which  constitute  the  family  of  the  Echi- 
nothurida ,  the  plates  of  the  test  overlap  one  another  in  an 
imbricating  manner,  so  that  the  shell  becomes  quite  flexible  ; 
and  the  same  is  the  case  with  some  of  the  Palaeozoic  Echinoids. 
In  all  living  Sea-urchins,  and  in  the  great  majority  of  the  ex¬ 
tinct  forms,  the  test  is  composed  of  twenty  meridional  rows  o 
plates,  arranged  in  ten  alternating  zones  (fig.  120,  A),  which 


„  ,  .  r  -p^Vilnnidea  A  Young  specimen  of  Strongylocentrotus 

120.  —  Morphology  of  Ech  noidea.  >  S  q(.  the  test  of  the  same,  magm- 

DrSbachiensis,  viewed  from  above.  .  *  ’  g. macnified.  D,  Clypeaster subdc- 
fied.  C,  Summit  of  the  test  of. V  Spine  of  Pored- 
pressus ,  viewed  f„„,  ab..f,  .how™  Ambulacra!  araa,  1 

Membrane  surrounding  tne 


t  ubercle 


Agassiz.) 


typically  pass  from  one  pole  of  the  shell  to  the  other,  and 
^  hi  nf  which  is  composed  of  two  similar  rows  ot  plate., 
rflheletoublerows'are  composed  of  large  pla.es,  which  are 
n  u  nerforated  by  any  apertures  (fig.  120,  A  and  1»,  1),  t 

LT formed  by  these  mperforate  plates  being  termed  the 
zones  formed  by  t  „  1  The  Qther  five  double  rows  ot 

plates  atenate  regularly  with  the  former,  and  a£  termed  the 

‘  amb^cra.  ar^  ^  ^f  two^s  °of  small 

phites,  which  ar^ perforated  by  min’u.c  apertures  for  die  enus- 
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sion  of  the  “  ambulacral  tubes,”  or  “  tube-feet.”  In  one  crreat 
group  °f  die  Echinoids,  the  poriferous  zones  pass  fronf  the 
centre  of  the  base  of  the  shell  to  its  summit,  when  they  are 
said  to  be  “perfect”  (, ambulacra  perfecta)  or  “simple.”  In 
another  great  group  the  poriferous  zones  are  not  thus  con¬ 
tinuous  from  pole  to  pole,  but  simply  form  a  kind  of  rosette 
upon  the  upper  surface  of  the  shell.  In  these  cases— as  in  the 
common  Heart -urchins  — the  ambulacral  zones  are  said  to 
)e  circumscnpt  ’  ( ambulacra  circumscripta)  or  “petaloid” 
(hg.  120,  D).  Growth  of  the  test  is  carried  on  by  additions 
made  to  the  edge  of  each  individual  plate,  by  means  of  an 
organised  membrane  which  passes  between  the  sutures  where 
the  plates  come  into  contact  with  one  another.  The  plates 
of  the  test  are  studded  with  large  tubercles,  which  are  more 
numerous  on  the  interambulacral  areas  than  on  the  ambu- 
acral  (fig.  120,  B).  Ihese  tubercles  carry  spines  (fig.  120  E 
and  fig.  12 1),  used  defensively  and  in  locomotion,  which ' are 


Fig.  121  -—Cidaris  fiafiillata.  (After  Gosse.) 


"ed  j°  their  apices  by  means  of  a  sort  of  “universal” 

band  n!’and‘‘l0Cfket  J0!nt-,  0ccasionally  a  small  ligamentous 
band  passes  between  the  head  of  the  tubercle  and  the  centre 

resJmKl ■Con('ave  ^rtlcu|ar  surface  of  the  spine,  thus  closely 
BesirS  le-  r°Und  hSament”  of  the  hip-joint  of  man. 
fn  rlii  i  u  mam  „rows  of  Plates  just  described,  forming  the 
test V  fCf  ^°;r0na’  other  calcareous  pieces  go  to  make  up  the 
n-r;J Jx an  fchmuf-  The  mouth  is  surrounded  by  a  coriaceous 
1  onual  membrane,  which  contains  a  series  of  small  cal- 
careous  pieces,  known  as  the  “oral  plates”;  whilst  a  corre¬ 
sponding  senes  of  “anal  plates”  is  found  in  the  membranous 
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•  »  /fi(T  T2o  C  />)  surrounding  the  opposite 

space  or  ‘penproct  (  g-  ’  Surrounding  the  aperture 

termination  of  the  ahmcntzi)  .  ^  “  apical  disc,”  com- 

°f  *5  Tthe  “d ^gelal  and  ocular  plates  (fig.  i  .0,  Q 
posed  of  the  so  cauea  ger  a  pentagonal 

The  “  genital  plates  are ^  Jhe  duct  of  an  ovary  0r 

povi‘e  ”  »  “tSftXrfeTs  not  conneiteS  with  one  of  the 
^Ses',' bn«Uis  placed  in  the  centre  of 

each  being  perforated  by  1  §  en(j  an(j  terminates  a 

tentacle,  which  carries  no  sucker^at  it^end,  .g  ^ 

radiating  ambulacral  vesse  .  asserted  to  be  con- 

bably  an  organ  of  touch,  and  it  ha been  which  has 

nected  with  a  minute  pigmei  .  b  t  tpe  existence  of 

this  “  eye-spot  is  demea  _oy  »  times  of  a  very  great 

Besides  the  spines,  wh,cEXX“da»es.  called  “  pedi- 

length’  *5 fif  bo  F iCand  originally  supposed  to  be  parasitic, 
cellarise  (fig-  ’  f  hearing  two  or  three,  some- 

Each  of  these  consists  of  a  stern,  bearing  ^  dose 

times  four,  blades  or  claws  1  bii°d.  Their  action 

upon  foreign  objects  l*'  ‘%XiU  Xe  animal,  and  their 
appears  to  be  independent  of  the  will  ot  t  ^  as 

true  function  is  not  know  ,  funJion  performed  by  the 

peculiarly  modified  spine..  tbe  removal  of 

"ta? Sss; a 

In  almost  all  recent  Urchins ,  the  test  mso  car^..^  ^ 

IXX  “X  X 

the  so-called  dial>,  in  position,  and  spring  from  the 

are  ambulacral  o  ‘  ‘  f  h  test  just  where  the  mi- 

^Scmld^XSl^etnbrane  begins.  Each  auricle 
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foims  an  arch  over  one  of  the  radiating  ambulacral  vessels 
and  they  correspond,  therefore,  with  the  so-called  “ambulacral 
ossicles  of  the  Star-fishes. 


Though  superficially  conspicuously  “radial”  in  its  svm- 
metry,  the  test  of  the  Sea-urchins  can  nevertheless  be  shown 
with  more  or  less  clearness,  to  have  also  a  bilateral  symmetry 
This  can  be  demonstrated  by  the  position  of  such  an  unpaired 
rgan  as  the  madreporite,”  and  is  more  conspicuously  exhi¬ 
bited  m  the  Irregular  ’  Sea-urchins  than  in  the  “  Regular  ” 
forms  though  recognisable  even  in  the  latter.  Thus,  if  the 
test  of  a  Regular  Sea-urchin  (fig.  121  bis)  be  viewed  from  above 


while  held  in  such  a  position  that  the  madreporite  is  placed 

it  fartll,est  from  the  spectator  and  on  his  right  hand, 

t  wiH  be  seen  that  facing  the  spectator  is  an  unpaired  ambu- 
acral  area  (  radius  ),  while  on  the  side  nearest  him  is  an 

t1nP^lrt  .,interambulacral  area  (“  inter-radius  ”).  A  line  drawn 
1:  1 .  ie  centre  of  these  two  unpaired  areas  gives  a  middle 

ne  to  the  body,  the  structures  on  either  side  being  for  the 
W  bart  symmetrically  disposed.  It  will  further  be  seen 
mat  three  ambulacral  areas  (the  “  trivium  ”)  are  directed 
war  s  the  side  farthest  from  the  spectator  (the  “anterior” 
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.  ..  .  /tl,_  <«  hivium  ”)  are  directed  “posteriorly,” 

side) ;  while  two  (the  bivium  a  The  unpaired  am¬ 
or  towards  the  side  facing  .  „  d  the  unpaired  inter  - 

bulacral  area  is  therefore  anterior  a  Sea-urchins  ” 

ambulacrum  is  “posterior.  In  the  lrregu anterior 
the  b, laterality  is  still  more  marked,^  unp  ^  ^ 

"fferent  to  the  others  in 
rm  or  size  ;  while  the 
ms  is  commonly  placed 
i  the  ventral  side  of  the 
ady,  in  the  unpaired  pos- 
:rior  interambulacrum. 

Locomotion  in  the  Ech- 
loidea  is  effected  in  part 
y  means  of  the  spines, 
ut  principally  by  the  con- 
ractile  and  retractile  “tube- 
set  ”  or  “  pedicels,”  which 
re  developed  in  connec- 
ion  with  the  radiating  am- 
julacral  vessels.  1  he  gen¬ 
eral  arrangement  of  the 
unbulacral  system  is  as  fol- 
ows  :  From  the  perforated 
‘  madreporite  ”  (fig-  1 2  2> 
m)  upon  the  summit  of 
the  test  there  proceeds  a 
membranous  canal,  the 
walls  of  which  are  hard¬ 
ened  by  calcareous  depo¬ 
sits,  and  which  is  known 
as  the  “stone-canal”  or 
“  sand-canal  ”  (s).  Fy  this 
canal  water  is  conveyed  to 
a  circular  tube  (r),  which 
surrounds  the  oesophagus, 

vessels  Only  the  bases  of  four  oi  racum-  and  constitutes  the  Centre 
ing  vessels  are  shown:  and  a  few _o the  tube-  ^  ambulacral  System. 

puU^uS-fsL^n  taoneV\ide  of  one  of  The  function  of  the  mad- 
the  radiating  canals.  reporiform  tubercle  ap¬ 

pears  to  be  that  of soHd^rticlef  which  might 


Fie  122. — Diagram  of  the  ambulacral  system 
of  Echinus,  m  Madreponform  tubercle  s 
Stone-canal;  r  Central  cesophageal  ting,  pp 

Polian  vesicles;  «  ..  Radiating  ambulacral 

vessels  Only  the  bases  of  four  of  the  radiat- 
vesseis.  oi  i  .  ,  -r  .  le  tube- 


ECHINOIDEA. 


225 


be  added,  however,  that  the  admission  of  water  to  the  bodv- 
cavity  through  the  madreporic  tubercle  is  denied  by  Perrier. 
I  he  “circular  canal”  (r)  surrounding  the  gullet  is  situated 
between  the  nervous  and  blood -vascular  rings,  and  gives 
oft  five  branches— the  “radiating  canals ’’—which  proceed 
radially  along  the  “  ambulacral  areas  ”  in  the  interior  of  the 
f1e  p  ,  '  *his  course  they  give  off  numerous  short 
a  eral  tubes— the  “  tube-feet  ’’—which  pass  through  the 
ambulacral  pores  to  gam  the  exterior  of  the  test,  and  ter¬ 
minate  in  suctorial  discs.  Besides  the  radiating  ambulacral 
canals,  there  are  connected  with  the  circular  canal  five  special 
membranous  reservoirs  (//),  known  as  the  “Polian  vesicles  ” 

( ampul/ce  Poliana).  The  ambulacral  tubes,  or  tube-feet  can 
be  protruded  at  the  will  of  the  animal  through  the  pores  which 
perforate  the  ambulacral  areas,  and  can  be  again  retracted 
by  means  of  these  locomotion  is  effected,  the  tube-feet  beina 
capable  of  protrusion  to  a  length  greater  than  that  of  the 
ongest  spines  of  the  body.  The  mechanism  by  which  the 
ube  -  feet  are  protruded  and  retracted  is  as  follows  :  Each 
sh.ortl>;  afer  its  origin,  gives  rise  to  a  secondary 
lateral  branch,  which  terminates  in  a  vesicle.  These  vesicles 
or  ampullae  (7,)  are  provided  with  circular  muscular  fibres 
,/  t,le  contraction  of  which  their  contained  fluid  is  forced  into 
e  tube-feet,  which  are  thus  protruded.  Retraction  of  the 
ambulacral  tubes  is  effected  by  proper  muscular  fibres  of 
°Wn’  'vhl?  exPel  again  the  fluid  which  has  been  forced 
into  them  by  the  ampullae.  The  terminations  of  the  tube-feet 
contam  in  many  forms  a  calcareous  rosette,  often  with  a  cal- 

nkh  T  Tug  bfl0W  lt}  whilst  the  walls  of  the  tube-feet  are  fur¬ 
nished  with  calcareous  spicules. 

deninP t0taI  arf  0Ver  which  the  tulje-feet  can  be  protruded 
iferr  i  d”  Up0n.the,  efent  to  which  the  “ambulacral  ”  or  “  por- 


ifpmnc”  ,  7  WUU'U  uie  amouiacral  or  “  por- 

f  R  ,  z,?"es  of  test  are  developed.  In  the  typical  or 
_  1  gu  ar  Sea-urchins,  the  ambulacral  areas  are  “  perfect  ” 


1  r  '7  . til  C  NCI  ICC l, 

“IrremU  »  TfT01u- P°/e  l°  pole  >  whereas  in  the  so-called 
ur Urchins  (such  as  the  Heart-urchins  and  Cake- 

tionJ  nf  lu  ambu'a(:ra  are  “interrupted,”  only  the  upper  por- 
vr  J  .ie  ambulacral  zones  being  regularly  poriferous. 
ni  ,Ver’  Irj  such  forms  the  tube-feet  are  dissimilar;  some, 
'  011  1  le  ventral  surface,  having  suctorial  discs,  while 

bmnrh -T-  tarCt'  e’.  and  others>  again,  are  leaf-like,  and  are 
urancnial  in  function. 

?gar<lS  tlie  digestive  system,  the  mouth  is  typically 
and'  L<  111  1  centre  of  the  base;  but  it  may  be  excentric  ; 
in  one  singular  living  form  ( Leskia )  it  is  protected  by 

P 
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M.S?5£  conSts  of  five  long, 


f 


r„  123. — a,  The  “f'S<Srr'"'S±Si“1 

5  from  above,  with  part  of  the  ahmenta  y  <  •  ...  /  xhe  summit  of  the  masti- 

Heart  with  the  sand-canal  (,•)  in  a  groove  on  one  «de,  ]t  e  ,re 

catory  apparatus,  with  some  of  1  ®  ™ ^  (greatly  magnified),  showing  the  calci- 
of  one  of  the  plates  of  the  test  »f  of  Echinus  escMte«t«s,  viewed 

fied  areolar  tissue.  C,  The  mast  J  PP^ .  ry  peristomial  margin  of  the  cot 

ona  ;  %  Twoeofatnhe  'radiating  ambulacral  vessels,  with  their  rows  of  ampullae. 

The  1 1  lantern  ”  is  placed  in  the  centre  of  the  space  included  "thin  the 

J  o  JicttSe,”  n„/eonsiSl«or  .h=  MlotvmB  p«.st-  ^  ^  ^  of 

"•»  by  the  »«  tg*  «  •*  ««* 

or  basal  ends.  I  ,.*ese1|1^ JUlveolus  enclosing  a  single 

«•)  ,t  S  and  &*• >h'  ’”***>  and  ~  *”*” 

«■>  »d  bifurcate  a,  their 

extremities.  .  .  ,  mu-ml  icated  series  of  striated 

m^clel^eby^wMchatheyrareealternately  approximated  and  separated. 
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1  he  mouth  conducts  by  a  pharynx  and  a  tortuous  oesophagus 
to  a  stomach,  opening  into  a  convoluted  intestine,  which  winds 
round  the  interior  of  the  shell,  and  terminates  in  a  distinct 
u  mouth  IS  ahvays  Situated  at  the  base  of  the  test 

nosiriony  n  Subcentral>  or  ^together  excentric  in 

°  °  'f  rbe  amis  varies  considerably  in  its  position,  being 

the  !w!  Wlt  Vn  the  apical  chsc>  and  surrounded  by 

“retrS  ta  l  °?u  ar  plates>  when  the  test  is  said  to  be 
‘  •  S?m,etlmes’  however,  the  anal  aperture  is  with- 

the  ^niSl1Cai  /  lSC’  iand  \s  removed  to  some  distance  from 

In  tlK  lnt  P  When  the  test  is  said  to  be  “  irregular.” 
i  this  last  case,  the  anus,  instead  of  being  apical,  is  marginal 

'  The  COnvolutions  °f  the  alimentary  canal 

thl  ard  1°  ;he  interior  of  the  test  by  a  delicate  mesentery  • 
of  the  "sKn  °  Wh‘ n’  aS,WeI1  as  that  of  the  lining-membraZe 
respiration.'  “  Y  ^  and  subserves  the  purposes  of 

tubThfeth?'CalleS  hr  s£?tem  consists  of  a  central  fusiform 
sheatl  wirl0;  alIed  ?eart  whlch  is  ^closed  in  a  common 
forms  q  rin  ^  Sai,ld',CanaL  Thls  Slve s  off  one  vessel,  which 
wh  Vh  S  ?Und  the  "ltestine  near  the  anus,  and  another 
ich  Pass{f  downwards,  and  forms  a  circle  round  the  millet 
ove  t  le  circular  canal  ”  of  the  ambulacra!  system  Various 
secondary  branches  are  given  off,  and  the  entire  system  of  v°“f 
the  4  brj”  co"’Pared  With  the  “  pseudohsema!  ”  system  of 

“r&?srorities  ^ 

1  he  nervous  system  consists  of  a  circular  ring  which  sur 

ofUtheSambuhcet1  be'°'V’  °r  Saperficial  to-  the  “circular  canal  ” 
the  ambulqrrq7a  system,  and  which  sends  five  branches  along 

lacraUesseT  ”  COmpany  with  the  "^ting  ambu- 

nf  t\!letPK°CfSS  of  respiration  is  carried  on  principally  by  means 

and  th  oUuAe,h  “  T  t,h7,SeC0"dar)'  nicies, on  tireone  l,Td 
on  the  mher  1.  ciliated  lining  of  the  test  and  the  mesentery! 

are  in  addition*^  In.  most  °*  the  Regular  Echinoids  there 
buccal  meml  ’  UCj  pairs  ,°f  Phunose  oral  gills,  placed  in  the 
the  test  Tl  ane’  WherG  U  JOins  the  1?wer  edge  °f  the  corona  of 
cate  with  ?r^ans.  are  cd*ated  internally,  and  communi¬ 

st^^  lnhe  b0d>:-cav'ty-  In  the  Irregular  Echinoids  these 

petak  d  V  f  Tant',ng’  blU  the  tube-feet  which  issue  from  the 
petdoid  ambu'acr.  rosette  on  the  summit  of  the  shell  (fig 

gills’”).  modlfied  to  act  as  respiratory  organs  (“ambulacral 
1  he  Sexes  are  distinct  in  all  the  Echinoidea ,  and  the  repro- 
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ductive  organs  are  in  the  form  of  five  membranous  sacs,  which 
occupy  the  interambulacral  areas,  and  open  on  the  extenor  by 
means  of  the  apertures  in  the  genital  plates.  In  many  of  the 
“ular”  Echinoids  (such  as  the  “Heart-urchins”)  there 
are  only  four  genital  glands,  and  therefore  only  four  genital 

PlAsS  regard!  dteif  development,  most  of  the  Echinoids  pass 
through °a  metamorphosis,  as  spoken  of  previously  m  treat,  g 

th^shap^o^taliabed  'epaulets^^  skeleton^of  ^alcareous  rods, 

"d  an ‘alimentary  canaV  The  adult  E^mordts  developed 
nut  of  a  portion  of  its  substance  only;  and  the  rest  or  tne 
hrva  !s  absorbed  or  thrown  off.  In  some  Echinoids,  on  the 
other  hand  as  we  have  seen,  the  process  ot  development  is 
d  ect  and  there  is  no  “  Pluteus”  stage,  but  the  young  annual 
fs  produced  viviparously,  and  simply  requires  to  grow  to  be 

or  submarginal  in  P051'1™;  “nd  ^“s  the Shield urchins  and 
c"ms  (c”;"thrmouth  is  placed  in  the  centre 

masticatory  apparatus.  Ecliinothuridce ,  in 

fsU  ‘‘  re|ularP”  bu  the  plates  of  both  the  ambula- 

wh.ch  the  tes ^  e§u\  ^  are  in\bricatcd  and  overlap  one 
oral  and  mt  W  ^  ite  flexible.  The  existing  genera, 
AMamoma  (or  Caheria)  and  Phommoma,  and  the  Cretaceous 
<renus  Echinothuria  belong  to  this  group. 
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A  fourth  group  of  the  Echmoids  is  that  of  the  Perischoechi- 
pi’ W,1.lch  ,s.  not  °Tn]y  extinct,  but  is  mostly  confined  to  the 
alaiozoic  Penod.  In  all  these  ancient  forms  there  is  the 
pecuhanty  that  the  test  consists  of  more  than  twenty  rows  of 

cml  or  hT  Knig  a  ?U  rphCati°n  °f  either  the  interambula- 
a  or  the  ambulacral  plates,  though  there  are  still  only  five 

erambulacral  and  five  ambulacral  areas.  Thus  in  Arehao- 

’  Palachinus,  Lepidechinus,  and  Eocidaris ,  the  ambula- 

cral  areas  agree  with  those  of  the  recent  Urchins  in  bein- 

th veoVn6-  w  °n  y  tW°  r°WS  °f  plates;  whilst  there  are  from 

a^ea  TV™!  °f  pkteS  .in  each  interambulacral 

j '  ,  tbc  °ther  hand,  in  Melonites  and  Oligoporus  the 
ambulacral  areas  consist,  respectively,  of  ten  and  four  rows  of 
plates.  In  some  of  the  Perischocchinidce  the  plates  of  the  test 
are  joined  by  their  edges,  as  in  the  commo.1  living Urchins 
but  111  others  (e.g,  Lepidechinus)  the  plates  overlap  in  an  im- 

£aES:n  the  recent  and  ^  test 

beinatS  f  °  j  y  fifteen  rmvs  of  IjIates>  each  ambulacral  area 
being  reduced  to  a  single  row.  The  only  known  forms  are 
found  in  the  Ordovician  Rocks. 

As  regards  their  distribution  in  space,  the  Echinoids  have  an 
-  tremely  wide  bathymetrical  range,  extending  from  between 
de-marks  to  almost  the  greatest  depths  which  have  yet  been 
explored  by  the  dredge.  Various  forms  (such  as  the  Toxoh 

out  cLhTet/fo0frTr  °"’,n  C°Untry)  have  the  habit  of  hollowing 
ut  cavities  for  themselves  m  the  solid  rock,  in  which  thev 

burled ^sand' or  mud.  **  °f  “Irre«ular"  U^hi„s  live 

fromt&their  distribuAtion  in  time>  the  Echinoids  range 
Pateozoir°TIdr  h  ?en°d  the  present  day.  Most  of  the 
the  two  nn-Sl"8  ,g  t0  th®  family  of  the  Perischocchinidce, 
whirl!  thPe  m2  1  &en  er  a  b  e  1  n&  ^ rchceocida ris  and  Palcechinus,  of 
w  11,  r  r  range,S  from  the  Syrian  to  the  Carboniferous 
^and6  oZ:  1S  S°lely  f°Td  -in  Carboniferous  strata.  Mdo- 
d  chin*  ^Agt0ru!  are  exclusively  Carboniferous  ;  and  Lepi- 
mfnce  the  r  Eoadar,s  are  principally  so,  though  both  com¬ 
mence  their  existence  in  the  Devonian.  The  onlv  known 

Alidad]  tyPCS  °if  Perischocch^dce  are  the  Triassic  genera 

amoTe?  of  ^  and  Tmrcchirs ;  and  110  Tertiaiy  or  recent  ex- 
amp  es  °[  ‘his  group  are  known  to  exist. 

.sembK! heSec°ndary  ar*d  all  the  Tertiary  Echinoidea  re- 
emble  those  now  living  in  being  composed  of  not  more  than 
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rocks  are  especial)  number  of  forms  is  too 

many  genera  being  peculiar  ;  but  the  number  o 

great  to  permit  of  any  selection.  singular  genus 

It  may  be 

Echinothuna ,  with  its  flexible  test,  u  e  l 
Asthenosoma  and  Phormosoma ,  is  found  in  the  Chalk. 


CHAPTER  XVIII. 


asteroidea  and  OPHIUROIDEA. 

Order  Asteroidea  (So. ^elbnhe 

W  "r  and  cms,sts 


“arms,  or  rays,  tin  y  T]  u0(iy  1S  not  enclosed 

contain  prolong,, /was  oj  Hie  v,sc„ a.  1  he  booy 
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in  an  immovable  box,  as  in  the  Echinoidea ,  but  the  integument 
(  peri  so  me  )  is  coriaceous ,  and  is  strengthened  by  irregular  cal¬ 
careous  plates,  or  studded  by  calcareous  spines.  No  dental  appar¬ 
atus  is  present.  The  mouth  is  inferior,  and  central  in  position; 
the  anus  either  absent  or  dorsal.  The  ambulacral  tube-feet  are 
protruded  from  grooves  on  the  under  surface  of  the  rays.  The 
larva  is  vermiform,  and  has  no  pseudembryonic  skeleton. 

The  general  shape  of  the  body  varies  a  good  deal  in  different 
members  ot  the  order.  In  the  common  Star-fish  (Asterias,  or 
blaster,  rubens)  the  disc  is  small,  and  is  furnished  with  long, 
finger-hke  rays,  usually  five  in  number.  In  the  Cribellce  the 
general  shape  of  the  body  is  very  much  the  same.  In  the  Sol- 
asters  the  disc  is  large  and  well  marked,  and  the  rays  are  from 
tuehe  to  fifteen  in  number,  and  are  narrow  and  short  (about 
halt  the  length  of  the  diameter  of  the  body).  In  the  Goni- 
ciAers  the  body  is  in  the  form  of  a  pentagonal  disc,  flattened 
on  both  sides;  the  true  “disc”  and  rays  being  only  visible  on 
the  under  surface  of  the  body.  In  the  singular  genus  Brisinga, 
\\e  have  in  some  respects  a  transitional  form  between  the 
Asteroids  and  Ophiuroids,  the  arms  being  much  longer  and 
more  slender  than  is  the  case  in  the  typical  Asteroids,  at  the 
same  time  that  they  are  much  thicker  and  softer  than  is  the 
case  amongst  the  latter.  In  none  of  the  true  Star-fishes,  how¬ 
ever  are  the  arms  ever  sharply  separated  from  the  disc,  as  in 
the  Ophiuroidea,  but  they  are  always  an  immediate  continua¬ 
tion  of  it. 

I  he  entire  upper  surface  of  a  Star-fish  is  covered  with  a 
leathery  or  coriaceous  skin,  in  which  carbonate  of  lime  is  more 
or  less  extensively  deposited.  For  the  most  part,  the  skeletal 
structures  have  the  form  of  irregular  plates  or  ossicles,  often  so 
united  as  to  form  a  sort  of  chain-armour.  Many  of  the  plates 
are  developed  into  spines,  and  some  of  these  (termed  “  pax- 
hlte  )  may  have  the  form  of  a  basal  stem,  with  a  divided  or 
brush-like  end.  The  plates  on  the  lateral  margins  of  the  arms 
(  marginal  plates  ”)  are  often  specially  developed,  and  the 
ambulacral  grooves  on  the  lower  surface  of  the  arms  are  bor- 
uered  on  each  side  by  a  row  of  “  adambulacral  ”  plates  (fig.  1 25). 

e<  icellariae  are  usually  abundantly  developed,  and  generally 
eonsist  of  a  short  stem  carrying  a  pair  of  pincer-like  blades. 

I  he  dorsal  surface  shows  the  striated  “  madreporite  ”  (some- 
imes  more  than  one),  which  is  placed  in  the  angle  between 
wo  rajs  (fig.  124,  m).  AVhen  the  Star-fish  is  held  in  such  a 
position  that  the  madreporite  is  turned  towards  the  spectator 

in  J24)>  it  will  be  seen  that  an  unpaired  ray  is  directed 
away  fiom  the  spectator,  and  an  unpaired  interradius  towards 


2  j2 
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him  Three  rays  (“trivium”)  are  turned  forwards,  and  two 
rays'  (bltm)  backwards ;  and  a  line  bisectmg  the  madrepon e 
mwl  the  unpaired  ray  gives  a  middle  line  to  the  body.  -v  h 
uni  tL  upper  surface,  a  little  to  the  left  of  the  noddle  line 
imv  be  found  the  minute  aperture  of  the  anus ;  but  this 
wanting  in  some  cases  (in  the  genera  Astropecten,  Ctenodiscu  , 

anofSwer  surface  of  the  body  of  a  Star-fish  is  seen  the 
centrally-placed  mouth,  from  which  radiate  a  series  of  deep 
grooves  (“ambulacral  grooves”),  one  of  which  runt .along Ahe 


fig.  I25. -Diagram  <>f  the  =r0"s’se?t:°1nef°f benvce.i 

Ambulacral  groove;  *  Radial  nerve^  Radial  Woo^vessel^^  .  lle  „ 

lacral  vessel,  a  One  of  the  I  •’  .  AaV  Compound  spines  (  paxilUe  ) . 

Ldamhulacral  pl^es  ^  Margnml  ^ood.vessei ;  br  Respiratory  tubes 

Imkrrnal  'branch  i.x  ')  of  dorsal  integument ;  pc  l>yl°nc  caxa. 


,,f  two  longitudinal  rows  of  movable  calcareous  plates,  termed 

°he  “  ambulacra,  ossicles  ”  (or  «  “^es  a 

of  dj«  cavdieTof  S  inis  "esf  these  containing 

'cenainTthe  internal  viscera,  and  being  in  reah.y  dtrect  pro- 
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longations  of  the  body.  The  only  structures  which  pass  from 
the  cavity  of  the  ray  to  the  ambulacral  groove  are  the  “  am¬ 
pullae  '  (fig.  125,  a),  which  lie  inside  the  arm,  and  become 
connected  with  the  tube-feet  by  means  of  minute  pores  between 
successive  pairs  of  ambulacral  ossicles. 

As  regards  the  internal  anatomy  of  the  Star-fishes,  the  cen¬ 
trally-placed  mouth  is  toothless,  and  leads  into  a  large  dis¬ 
tensible  and  protrusible  stomach,  which  gives  off  five  wide 
folded  lateral  pouches,  the  position  of  which  is  interradial. 
Above  these  the  stomach  contracts,  and  then  widens  into  a 
pentagonal  space  which  gives  origin  to  five  bifurcated  radial 
caeca  of  great  length.  These  are  known  as  the  “pyloric 
caeca”  or  “hepatic  caeca,”  and  extend  into  the  cavities  of  the 
arms  (fig.  125,  pc) ;  each  consisting  of  a  basal  stem  which 
divides  into  two  long  branches,  these  in  turn  giving  off  lateral 
branches  which  carry  secreting  follicles.  The  pyloric  caeca 
are  filled  with  a  brownish  fluid,  and  are  supposed  to  represent 
the  liver.  The  stomach  terminates  in  a  short  intestine,  which 
usually  ends  in  a  minute  dorsal ly-placed  anus.  The  intestine 
may  give  off  short  inter-radial  caeca,  the  number  of  which 
varies  in  different  Star-fishes. 

The  ambulacral  system  is  essentially  the  same  as  in  the 
Echinoids,  and  is  connected  with  the  exterior  by  means  of  a 
dorsally-placed  “  madreporite,”  two,  three,  or  more  of  these 
being  occasionally  present.  The  madreporite  admits  the  water 
to  the  short  “stone-canal,”  which  opens  into  the  circular  vessel 
surrounding  the  gullet.  The  circular  canal  carries  five  simple 
or  divided  “  Polian  vesicles,”  and  gives  off  the  radiating  ambu¬ 
lacral  vessels.  These  run  in  the  roof  of  the  deep  ambulacral 
grooves,  immediately  below  the  chain  of  ambulacral  ossicles 
(fig-  I25>  7e')>  and  their  number  varies  with  the  number  of  the 
arms.  Each  radiating  vessel  gives  off  two  or  four  rows  of 
cylindrical  tube-feet  or  pedicels,  the  ends  of  which  are  sucker- 
like  (fig.  125,  t),  and  it  is  by  means  of  these  that  the  Star-fishes 
creep  about,  mouth  downwards.  Some  forms  have  conical 
tube-feet  which  do  not  terminate  in  suctorial  discs.  The  tube- 
feet  are  protruded  by  means  of  “ampullae,”  which  spring  from 
then  bases,  and  pass  through  pores  between  successive  pairs  of 
ambulacral  ossicles,  so  as  to  gain  the  cavities  of  the  arms  (fig. 
I25>  a)-  rhe  ampullae,  therefore,  form  a  double  row  of  mem- 
jranous  sacs  which  lie  above  the  chain  of  ambulacral  ossicles, 
whue  the  radiating  vessel  and  tube-feet  are  below  the  same. 

It  follows  from  the  above  that  there  are  no  structures  in  the  Star-fishes 
XI  -C  ■  corresPoncl  with  the  perforated  ambulacral  plates  of  the  Echinoids. 
is  is  at  once  evident  on  examining  a  section  of  the  arm  of  a  Star-fish, 
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from  which  Che  soft  parts 

ImLTmovSp  Sony*,  middle  line  by  their  inner  extremities.  They 


Fig.  1 36. — Section  of  ‘he  ray  of  /fp'lmeftf thtTbur  V^kento™' «  Nerve- 

^‘Thel^edTaefS  the  tab.-fee.  proceeding  from  .be  ambnlaend  .....h 

are  so  placed  as  to  form  a  kind  of  of ‘the 

beneath  the  line  where  the  ossu.  es  vessel  (/’)  Superficial  to 

other  side  is  placed  the  radiating  ambiilacr aWess eg  Jmbulacral 
this,  again  is  the  nerve-cord  ;  so  that  the:  whole  and  u  is  thus 

ossicles  is  placed  in  the  midst  of  t  P  ,  f  do  not  pass  through 

clearly  an  internal  skeleton,  lhe  tu  -  >  f  ^ .  tbe  integumentary 

any  part  of  the  skeleton  on  their  waytoUieurae  the  ^  ^ 

skeleton  being,  in  ^«pTriferoiis  zones”  of  the 

tlm  end, ,Lnl  ossicles  of  the  Star- 

fishes  are  represented  in  the  Echinoids  by  the  auricula 

The  “  vascular  ”  system  of  the  Asteroids  < consist*  of  an  oml 
and  can  aboral  or  canal  ring,  connected  by  3  cen  ra P  e' 
heart”}  which  is  enclosed  in  a  common  sheath  with  the 
Lne  canal  Vessels  are  distributed  to  the  genital  glands  and 
stomach,  and  the  oral  ring  gives  off  radial  branches (hg.  125,  ^ 
which  accompany  the  radiating  ambulacral  vessels  along  the 

ambulacral  grooves.  „nnnt  he  said  to  exist ;  but 

Specialised  respiratory  organs  cannot  be sa  ^  inter_ 

the  body-cavity  is  ciliated,  as  aie  ie  1  pning  of 

sf.  si± 

futes'o'r'deS'tanchte  ”  (fig-  r»5.  I’’’)'  which  doubtless  act 

“  ntetnrvoufasnySstem  consists  of  a  central  pent^onal  ring 

surrounding  the  gullet,  and  sending  band-J ike  rad  ^  ^ 
branches  becomes  Sneered  lith  a  pig- 

n«nt“poyt  or  ‘‘  ocellus,"  which  contains  lens-lilce  structures,  and 
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is  supposed  to  be  an  organ  of  vision.  Each  eye-spot  may  be 
surrounded  by  a  circle  of  movable  spines  or  “  eyelids.”  Close 
to  the  eye-spot  is  placed  the  termination  of  the  radiating  am- 
bulacral  vessel,  in  the  form  of  an  unpaired  terminal  tentacle, 
which  carries  no  sucker,  and  is  probably  an  organ  of  touch. 

The  generative  organs  are  in  the  form  of  tubular  glands, 
which  resemble  bunches  of  grapes  in  form,  and  are  arranged  in 
pairs  in  each  ray.  They  discharge  their  products  by  genital 
pores  (fig.  125,  gp),  which  usually  open  in  the  angles  between 
the  arms,  generally  by  minute  sieve-like  apertures.  The  gen¬ 
erative  glands  are  inter-radial  in  position,  though  commonly 
extending  far  into  the  cavities  of  the  arm,  below  the  pyloric 
cteca. 

In  their  development,  the  Asteroids  occasionally  show  no 
metamorphosis,  but  they  usually  present  the  same  general 
phenomena  as  are  characteristic  of  Echinoderms  generally. 
The  larvae,  however,  are  not  provided  with  a  continuous  endo- 
skeleton,  such  as  is  found  in  the  embryo  of  the  Echinoids  and 
Ophiuroids.  In  many  Asteroids  the  embryos  have  continuous 
ciliated  side-lappets,  and  exhibit  complete  bilateral  symmetry. 
Such  larvae  are  known  as  Bipinnaritz ;  and  in  these,  as  in  the 

Pluteus  ”  of  the  Echinoids,  a  large  portion  of  the  primitive 
embryo  is  ultimately  absorbed.  In  another  stage  of  devel¬ 
opment,  the  larval  Star-fish  is  provided  with  long,  slender, 
movable  processes,  when  it  is  known  as  a  Brachiolaria. 

No  good  classification  of  the  Asteroids  has  as  yet  been  estab¬ 
lished.  In  one  group  ( Asteracanthiidcz ),  represented  by  the 
common  Astenas  ( Uraster )  ntbens  of  British  seas,  the  tube- 
feet  are  in  four  rows  in  each  arm.  On  the  other  hand,  in 
the  Sun-stars  (So/aster),  and  in  allied  forms,  there  are  only  two 
rows  of  tube-feet  in  each  arm.  In  the  curious  family  of  the 
AstropectinidcE  (comprising  the  genera  Astropecten ,  Ctcnodiscus , 
Luidia,  &c.),  there  are  also  two  rows  of  tube-feet  in  each  arm, 
jut  these  are  conical  and  do  not  end  in  suckers,  while  an 
anal  aperture  is  wanting  in  all  except  Archastcr.  Other 
groups  with  two-rowed  tube-feet  are  the  Oreastridie  and  the 

stcrmidcE,  the  last  comprising  the  well-known  Cushion-stars 
(Go/iiastcr)  and  the  Birds’-foot  Stars  ( Pal/nipes ).  Lastly,  a 
transition  is  effected  between  the  Asteroids  and  the  Ophiuroids 
b)  the  singular  family  of  the  Brisingidce ,  in  which  the  arms 
are  long  and  rounded,  sharply  marked  off  from  the  disc,  and 
laving  the  ambulacral  grooves  not  continued  to  the  mouth. 

As  regards  their  distribution  in  space ,  the  Asteroids  have  a  wide 
range,  extending  from  the  littoral  zone  to  great  depths  in  the 
sea.  Lpon  the  whole,  however,  they  are  shallow-water  forms. 
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As  regards  their  distribution 


in  time. 


the  Asteroids  range 


fronT the^Ordovidan  to  the  present  day.  In  the  1 Ordovidan 

'££££2.  "e  43&ZE2.  few  in 
number,  and  belong  to  existing  generic  types. 


Ophiuroidea. 

Order  Ophiuroidea. — Body  stellate,  consisting  of  a  c t nt/al 
cl  disc  ”  in  which  the  viscera  are  contained,  and  of  elongated 
Mare  sharply  separated  fro,*  the  itse ,  soled .not 

eontaining  prolongations  of  the  alimentary  f  u 

nished  inferiorly  with  ambulacral  grooves.  Lana  benerc  y 

itomnrise'the  small  but  familiar  group  of  the 
-  SeSaM '‘Sand-stars,"  often  grouped Udon. 1  -th 

StHssfis  gsatas- 

tions  from  the  stomach,  n 0 r , J? ^ vc . 1  ‘ p.\ cSt\l '  i- e ^  1^0^ ShrVpl e 
into  ambulacral  Sro°ves-  ?e  ^  Asteroidea,  but  are  special 

surface,  and  two  lateral.  J  he  f  tcial  /  ‘  the  *entre  of  each 
more  or  less  well-developet  spi  e  •  the  trreater  part  of 

urm  is  an  internal  skeleton,  which  oc  1  .  p  nn,i  which 

th™  space  included  within 

SSSLSriSt  SSfo^the™  i. 

chain  of  ambulacral  ossicles  tuns  he  radiatu ^  ^  ^ 
vessel  (fig-  127,  w),  am  un  ,  d  'pflc  radiating  ambu- 

i“S  gives  o^(^  bu^he  ambulacra,  grooves, 
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instead  of  being  open  as  in  Star-fishes,  are  closed  in  inferior])- 
by  the  ventral  arm-plates.  Hence  the  tube-feet  can  only  reach 
the  exterior  through  pores  placed  between  the  lateral  and 
ventral  plates  of  the  arm.  The  cross-section  of  the  arm  (fig. 
127)  shows  this  further  important  distinction  between  the 
Ophiuroids  and  the  Asteroids  —  viz., 
that  in  the  former  there  is  no  wide  ex-  u 

tension  of  the  body-cavity  lying  above 
the  chain  of  ossicles,  and  containing 
prolongations  of  the  internal  organs, 
such  as  occur  in  the  latter. 

The  mouth  in  the  Ophiuroids  is 
placed  in  the  centre  of  the  lower  sur¬ 
face  of  the  body,  and  is  surrounded 
with  a  complicated  system  of  plates, 
some  of  which  have  been  spoken  of  as 
“  teeth,”  though  they  can  hardly  have 
any  masticatory  function.  The  mouth 
opens  directly  into  a  wide  membranous 
stomach,  but  there  is  no  intestine,  and 
therefore  necessarily  no  anus,  while 
the  stomach  gives  off  no  lateral  di¬ 
verticula. 

The  vascular  system  is  built  upon 
the  same  type  as  in  the  Asteroids, 
consisting  of  an  oral  and  an  aboral 
ring,  united  by  an  intervening  plexus, 
which  is  enclosed  in  a  common  sheath 


Fig.  127.  —  Diagram  of  the 
cross-section  of  the  arm  of 
an  Ophiuroid  (slightly  al¬ 
tered  from  Sladen).  ao 
Ambulacral  ossicle,  immov¬ 
ably  united  with  the  corre¬ 
sponding  ossicle  of  the  oppo¬ 
site  side ;  u  Superior  plate 
of  the  arm  ;  s  Lateral  plate  ; 
/  Inferior  plate  ;  «  Radial 
nerve  -  cord  ;  6  Radiating 

blood-vessel  ;  ?v  Radiating 
ambulacral  vessel  ;  t  Tube- 
foot  ;  a  Ampulla. 


with  the  stone-canal.  Radial  blood-vessels  (fig.  127,  b)  also 
accompany  the  radiating  nerves  and  ambulacral  tubes.  The 
nervous  system  has  the  same  form  as  in  the  Asteroids. 

1  he  ambulacral  system  is  constructed  upon  essentially  the 
same  plan  as  in  the  Asteroids  and  Echinoids,  but  its  place  as 
a  locomotive  apparatus  is  taken  by  the  arms.  The  madre- 
porite  is  placed  on  the  inferior  surface  of  the  body,  and  is  con¬ 
fluent  with  one  of  the  large  inter-radial  plates  surrounding  the 
mouth.  There  is  a  short  stone-canal  leading  into  a  circular 
canal,  which  carries  the  “Polian  vesicles,”  of  which  there  are 
usually  four.  From  the  circular  vessel  are  given  off  the  radi¬ 
ating  ambulacral  vessels,  which  run  in  the  interior  of  the  arms, 
underneath  the  chain  of  ambulacral  ossicles  (fig.  127,  w),  and 
give  out  the  tube-feet.  1'hese  latter  are  tentacle-like,  without 
terminal  suckers,  and  the  ampullae  are  only  represented  by 
tieir  dilated  bases.  I  lie  tube -feet  nearest  the  mouth  are 
specially  modified,  and  are  used  in  feeding  as  organs  of  touch. 
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The  reproductive  organs  are  placed  inter-radially,  and  then- 
ducts  open  into  singular  folded  pouches  or  “burse,  which 
in  turn  communicate  with  the  exterior  by  means  of  slit-hke 
openings  (the  “  genital  fissures”),  which  are  placed,  singly 
in  pairs  on  the  "sides  of  the  arms  infenorly,  at  their  junction 
with  the  disc  (fig.  128,  C).  Not  only  do  these  pouches  seive 


Fig  128. — Ophiuroidea.  Ophioglyfih*  iMcrtosa .  A,  ji^vicwedfrom  beiow, 

th?natu’ral  size. 

for  the  emission  of  the  generative  products,  but  they  also  have 
the t sea-water  admitted  into  their  interior,  and  thus  serve  as 

^  ThfdJve°Sent  of  the  Ophiuroids  is  sometimes  direct, 
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Thomson).  More  commonly  there  is  a  pluteiform  embryo, 
which  resembles  that  of  the  Echinoids  in  having  a  provisional 
endoskeleton.  The  embryo  (fig.  129)  is  furnished  with  long 


Fig.  1 29.  — Pluteus paradoxus,  the  larva  of  an  Ophiuroid  (Ophioglypha  cilintn)  in  an 
advanced  state  of  development  (after  J.  Muller).  The  larva  shows  the  temporary 
processes  and  provisional  skeleton  of  the  embryo,  together  with  the  stellate  body  of 
the  adult. 

slender  locomotive  processes  or  arms,  and  the  adult  is  formed 
on  one  side  of  the  primitive  stomach,  the  larval  arms  and 
their  contained  rods  being  ultimately  wholly  absorbed. 

There  are  two  principal  groups  of  the  Ophiuroids,  the  typical 
forms  ( Ophiurida )  having  simple  unbranched  arms,  the  under 
sides  of  which  are  covered  with  dermal  plates.  In  this  group 
are  the  common  Sand-stars  ( Ophioglypha ,  fig.  128,  Ophiothrix , 
&c.).  In  the  group  of  the  Euryalidce ,  on  the  other  hand,  the 
arms  are  usually  branched,  and  have  their  lower  surfaces  cov¬ 
ered  with  a  soft  skin,  while  there  are  ten  genital  fissures.  A 
well-known  example  of  this  group  is  the  Medusa-head  Star 
( Asterophyton ),  in  which  the  arms  are  divided  from  the  base, 
at  first  dichotomously,  and  then  into  many  branches. 

1  he  Ophiuroids  are  widely  distributed  at  the  present  day, 
being  found  in  all  seas,  and  ranging  from  between  tide-marks 
to  great  depths.  Fossil  forms  of  the  order  are  known  to 
occur  in  rocks  as  old  as  the  Silurian  (e.g.,  Protaster). 
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PELMA  TOZO  A. 


Crinoidea,  Cystoidea,  and  Blastoidea. 

The  three  groups  of  Echinoderms  known  as  the  Crinoids,  Cys- 
toids,  and  Blastoids  agree  with  one  another  in  certain  common 
characters,  and  may  be  included  in  a  sing  e  primary  section 
termed  Pelmatozoa.  In  all  these  forms  the  body  is  fixed, 
either  permanently  or  temporarily,  by  a  jointed  stem  01  pedu  - 
cle  developed  from  the  dorsal  surface,  the  mouth  being  placer 
on  the  opposite  side  of  the  body.  In  its  fully  deveioped  con¬ 
dition,  the  peduncle  has  the  form  of  a  jointed  stem;  ^ Lf 
a  neuro-vascular  axis  in  its  interior.  1  he  body  itselt  is  en 
closed  in  a  variously  modified  series  of  calcareous  p  , 
which  represent  the  apical  disc  of  the  Echinoids,  and 
upper  surface  may  be  provided  with  jointed  appendages  (t 
S  >’  The  circular  ambulacral  vessel  has  no  direct  com¬ 
munication  with  the  exterior,  and  the  radiating  ambukcra 
vessels  (when  present)  are  respiratory  in  function,  and  aie  not 

subservient  to  locomotion.  -r-%  *  • 

Order  Crinoidea.— The  members  of  this  order  are  Eclii  - 

oderms,  in  which  the  body  is  fixed,  during  the  whole  or  a  por¬ 
tion  of  the  existence  of  the  animal ,  to  the  sea-bottom  by  means  (ft 
jointed ,  flexible  stalk  or  peduncle,  which  springs  from  the  centre 
J of  the  ! dorsal  or  aboral  surface.  The  body  is  cup, Afford - 
coidal,  and  its  dorsal  surface  is  protected  by  a  system  of  calmrews 
plates.  The  mouth  is  situated  on  the  upper  surface ,  generally  in 
the  centre.  From  the  margin  of  the  cup-shaped  body  spring  join  ci 
flexible  appendages  or  “arms,”  which  are  primitively  fin  in 
number,  and  which  carry  lateral  jointed  processes  or  p i ninths. , 
The  upper  or  ventral  surfaces  of  the  arms  an  fin  ms  n  “ 
waves  corresponding  with  the  “  ambulacral  grooves  of  the 
'''Asteroids  The  ambulacral  system  does  not  communtcatt  dneitl) 
wit/,  the  exterior,  and  is  not  connected  with  locomotion.  The 
reproductive  organs  are  situated  beneath  the  skin  in  /hi  grooves 
f the  ventral  surface  of  the  arms  or  pinnules.  Vie  embryo  s 
Primitively  free  and  ciliated,  but  gives  origin  to  a  second  lan  al 
form  which  develops  a  jointed  stalk  of  attachment 
7  Is  the  type  of  the  Crinoidea,  we  may  take  the  common 
Feather-stars  ( Comat ula  or  Antedon).  The  heather-stars  be¬ 
long  to  a  group  of  Crinoids  which  are  known  as  bessilc 
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Crinoids,  because  they  are  not  permanently  fixed,  but  are 
only  attached  by  a  stalk  when  young.  Taking  the  common 
British  species — the  Comatula  rosacea  (fig.  130) — as  a  con- 


Hg.  130.  Crinoidea.  Comatula  rosacea ,  a  free  Crinoid,  viewed  from  its  dorsal 

or  aboral  aspect. 


venient  example,  the  adult  is  free,  and  the  pentagonal  disc¬ 
like  body  gives  origin  to  five  “  arms,”  which  bifurcate  almost 
directly  so  as  to  give  rise  to  ten  long  slender  processes,  which 
are  transversely  jointed,  and  are  fringed  on  both  sides  by 
delicate  “  pinnulae.”  The  dorsal  surface  of  the  body  carries 
a  number  of  delicate  jointed  flexible  processes  (“cirri”),  by 
means  of  which  the  animal  can  moor  itself  to  foreign  objects, 
with  the  mouth  turned  upwards.  It  can,  however,  detach 
itself  at  will,  and  swims  readily  by  an  alternate  movement  of 
the  arms  of  the  right  and  left  sides  of  the  body. 

1  he  dorsal  integument  of  Comatula  is  hardened  by  the  for¬ 
mation  within  it  of  a  system  of  calcareous  plates  which  form 

Q 
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the  so-called  “  cup”  or  “  calyx,”  and  which  are  to  be  regarded 
as  the  homologue  of  the  “apical  disc  ot  the  Echmoids. 
The  central  piece  of  the  calyx  (“  centrodorsal  Plate  )  has 
soldered  on  to  it  five  “radial”  plates,  which  represent  the 
“  ocular  plates  ”  of  the  Echinoids.  Properly  speakmg,  there 
should  intervene  between  the  “  centrodorsal  and  the  1 

plates  a  circle  of  plates  corresponding  with  the  genital 
plates”  of  the  Echinoids.  This  intermediate  circle  of  plates 
is  present  (as  the  so-called  “basal”  plates)  in  the  “stalked 
Crinoids,  but  takes  no  part  in  the  formation  of  the  ex  enor  of 
the  calyx  in  the  ordinary  Feather-stars.  I  he  firs  radials 
are  followed  by  two  other  circles  of  radial  plates  (the  seconc 
radials  ”  and  axillary  “  radials  ”),  the  outermost  circle  carrying 

‘^eTppIr  m  SSri  surface  of  .he  body  is  covered  with  a„ 
imperfectly  calcified  coriaceous  skin,  and  carr.es  the  aperture 
of  the  mouth.  In  Comatula  rosacea  the  mouth  is  central  as 
it  is  in  all  the  ordinary  Crinoids;  but  in  some  heather-stars 
lActinometra)  it  is  quite  excentric.  The  anus  is  usually  sup- 
ported  on  a  tubular  projection,  and  is  excentric  m  position. 
The  arms  of  Comatula  rosacea  exhibit  on  their  ventral  sur  ace 
a  deep  “  brachial  groove,”  the  elevated  margins  ot  which  are 

cut  out  into  minute  crescentic  respiratory  leaves,  at  the  base 
of  each  of  which  is  a  group  of  three  tentacles  connected  with 
a  cavity  in  the  interior  of  the  respiratory  leaf,  and  communi¬ 
cating  >by  a  common  trunk  with  the  radiating  ambulacra 
vessel  The  floor  of  the  brachial  grooves  is  ciliated,  and 
underneath  each  runs  a  radiating  ambulacral  j 

with  a  blood-vascular  trunk  and  a  pecuhar  /bnUar  sub 
enithelial  band,”  which  has  been  shown  to  be  ot  a  nervous 
f  r  in  the  centre  of  the  arm,  between  the  calcareous 
skeleton  ml  d  e -ter  vessel,  are  three  tubular  prolongations 
nf  the  body-cavity.  The  middle  and  largest  one  ol  these  (fig. 

SsKSsk 

by  the  arms  hive  precisely  the  structure  of  the  arms  themselves 

^  'ITe  dhatedUgrooves'  on  ^ventral  aspect  of  the  arms  are 
V  pi  over  the  upper  surface  of  the  disc  to  reach  the  sub- 
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circumoral  ring, 


"  visceral  mass,”  and  is  wholly  contained  within  the  calyx,  no 
diverticula  from  it  extending  into  the  arms. 

.  The  ambulacral  system  consists  of  a 
without  any  direct  communica¬ 
tion  with  the  exterior,  and  of  the 
radiating  ambulacral  vessels  which 
run  along  the  brachial  grooves. 

These  give  off  the  tube -feet, 
which  are  destitute  of  suckers, 
and  are  essentially  respiratory  in 
function.  The  circular  ring  com¬ 
municates  by  five  or  more  water- 
tubes  with  the  body -cavity,  to 
which  the  sea-water  is  freely  ad¬ 
mitted  by  minute  pores  in  the 
body-wall;  and  the  fluid  which 
fills  the  ambulacral  system  is  thus 
derived  from  the  general  cavity 
of  the  body. 

The  vascular  system  is  extraor¬ 
dinarily  developed,  and  its  upper 
portion  consists  of  an  oral  ring, 
a  central  plexus  (“heart”),  and 
of  numerous  branches  connected 
with  these.  There  is  no  aboral 
vascular  ring,  but  the  vessels  be¬ 
come  connected  inferiorly  with  a 
singular  quinquelocular  structure 
known  as  the  “chambered  organ,” 
which  is  contained  within  the 
centrodorsal  plate  of  the  calyx, 
d  he  chambered  organ  is  enclosed 
in  a  peculiar  fibrillar  sheath,  the 
nature  of  which  will  be  spoken 
off  immediately,  and  it  sends  pro- 
longations  into  all  the  arms,  along  canals  contained  within 
the  skeleton  of  the  latter,  and  also  into  the  dorsal  cirri. 

thJn  generally,  the  structure  of  the  vascular  system  is  much 

venf53']116  ^  Vs, ln  ^  oniatula  up  to  a  certain  point.  Occupying  thedorso- 
of  rt.  AaX1S  • ithe  body is  a  lobated  structure  homologous  with  the  “heart” 
rj  r'e,.  stelORls>  and  like  it  consisting  of  numerous  closely-packed  vessels. 
_n,i  r  .  s,e  res°lve  themselves  into  a  central  group  (of  one  or  more), 
rnlvvVe.Pe,,lp  !?lal  vessels>  ^e  latter  expanding  in  the  lower  part  of  the 
cl,!  or0'  e,f,Vlchambers  op  the  “  chambered  organ.”  In  the  Pedun- 
contim, .  I11!01' S  ,  cllambers  narrow  again,  and  the  group  of  vessels  is 
e  down  the  central  canal  of  the  column.  In  1’entacrinus,  which 


^  I3I*  Cross-section  of  a  pinnule 
of  tlie  Arctic  Feather-star,  magnified 
seventy-five  times.  (From  Ludwig, 
after  P.  H.  Carpenter.)  pj  Calca¬ 
reous  skeleton,  containing  the  axial 
nerve  -  cord  (a)  ;  ag  Ambulacral 
groove  ;  n  Radial  nerve ;  b  Radial 
blood-vessel  ;  iv  Ambulacral  vessel ; 
J ,  Tentacle  :  ov  Ovary,  with  the 
sub-tentacular  canal  above,  and  the 
cceliac  canal  below;  g7> Genital  blood¬ 
vessel. 


2 44  MANUAL  OF  ZOOLOGY. 

the  arms  originate  (F.  H.  Carpenter). 

The  nervous  system  of  the  Feather-stars  is  also  extraordi¬ 
narily  developed  as  compared  with  that  of  the  other  Echino- 
derms  \s  lias  been  previously  seen,  there  is  found  under 
the  floor  of  each  of  the  brachial  grooves  a  fibrous  nerve-band 
/fio-  I3I  „)  which  corresponds  morphologically  with  one  ot 
She  radfathig  nerve-fibres  if  a  Star-fish.  These  radial  nerves 
are  connected  with  a  circumoral  ring,  and  appear  to  be  who  y 
sinsory  m  function.  In  addition  to  these  the  “chambered 
oman  ”  above  spoken  of  in  connection  with  the  vascular  sys 
mm  is  enclosed  in  a  peculiar  fibrillated  sheath,  which  has 
been  shown  by  Dr  W.  B.  Carpenter  to  be  of  a  nervous  nature, 
and  to  have  a  motor  function.  This  fibrillated  sheath  of  the 
chambered  organ  gives  off  a  series  of  radial  prolonganons 
or  "axial  cords"  (fig.  131,  «),  which  occupy  a  median  canal 
°v  thin  U,e  skeleton  of 'the  arms,  and  which  are  also  con- 
tinned  into  the  pinnules.  In  the  stalked  Cnnoids  the  fibrillar 
nerve-sheath  is  likewise  prolonged,  along  with  the  blood¬ 
vessels  into  the  central  canal  of  the  column  01  pedunc  e. 
No  representative  of  this  peculiar  system  ol  motor  nerves 
known  in  the  ordinary  Echinoderms. 

■n,oi"  h  free  in  its  adult  condition,  the  Feather-star  passes 
through  a  stage  of  its  development  in  which  it  is  attached 
bv  a  delicate  jointed  stalk  to  some  foreign  object  (hg.  i 3*)- 
When  first  discovered  in  this  condition  it  was  supposed  to  be 
a  distinct  type  of  the  Crinoids,  and  was  described  under  the 
name  of  Pentacrinus  Europceus.  The  Comatnla  therefore 
represents  temporarily,  in  this  stage  of  its  development,  the 
permanent  condition  of  the  Pedunculate  Cnnoids. 

,  1=  fl-,A  development  of  Comatnla ,  the  larva  is  at  first  cylindrical, 

As  regards  the  de  a  hinder  tuft  of  cilia,  and  an  alimentary 

with  four  U,allC  bjh  a'lateial  aperture,  its  general  aspect  closely  resembling 
canal  furnished  with  a  laie  i  A  ’Hde£  The  skeleton  of  the  calyx  is 

that  of  1  ie-n”erVorly  that  of  the  column  posteriorly,  the  former  being  the 
developed  ^  enorly,  tn  (fi  ,32)  the  calycme  skeleton  con- 

hrst  to  appear  I  \  J  ^  „  Jfoch  rest  below  upon  the  so-called 
sists  of  a  row  of  five  \  and  ^  succeeded  above  by  a  cycle  of  five 

centrodorsal  plate  (  P  whicll  the  permanent  mouth  is  finally  de- 

;rMP  Fwi‘‘  SdS  "plates  (r)  are  next  'developed  as  a  cycle  between 
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the  oral  and  basal  plates  ;  and  to  the  radials  are  rapidly  added  the  plates  of 
the  arms  proper  (the  “brachial”  plates).  Inferiorly,  the  centrodorsal  plate 
rests  upon  a  short,  jointed  column  (fig.  132,  c),  the  lowest  plate  of  which 
is  expanded  to  form  a  disc  of  attachment ;  and 
the  larva  now  passes  into  what  is  known  as 
its  “Pentacrinus  stage.”  In  the  further  pro¬ 
gress  of  growth  the  arms  increase  in  length, 
and  the  oral  plates  diminish  in  size  and  ulti¬ 
mately  disappear.  At  the  same  time  the  cen¬ 
trodorsal  plate  increases  in  size,  so  as  to  en¬ 
close  the  basal  plates,  which  in  turn  become 
fused  with  one  another,  and  remain  only  as 
the  so-called  “rosette”  on  the  upper  surface 
of  the  centrodorsal.  The  latter  also  develops 
jointed  cirri  from  its  outer  surface,  and  finally 
becomes  detached  from  the  next  joint  of  the 
column  below,  when  the  animal  enters  upon 
its  free  stage  of  life. 

As  regards  the  essential  features  in 
their  anatomy,  the  “Stalked”  Crinoids 
do  not  differ  materially  from  the  “  Ses¬ 
sile”  forms  of  the  group.  More  par¬ 
ticularly,  there  is  a  substantial  identity 
in  structure  in  the  two  sections  of 
the  order  as  regards  the  form  and  ar¬ 
rangement  of  the  alimentary  canal,  the 
ambulacral  and  vascular  systems,  and 
the  nervous  and  reproductive  organs. 

A  Pedunculate  Crinoid,  such  as  Pen¬ 
tacrinus  (fig.  133)  or  Rhizocrinus  (fig. 
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Fig.  132. — Larva  of  Comatula 
(A  n  ted  on)  rosacea ,  enlarged 
(after  Sir  Wyville  Thomson). 
o  o  Oral  plates  ;  r  r  Radial 
plates  ;  b  b  Basal  plates  ;  cd 
Centrodorsal  plate ;  c  Col¬ 
umn  ;  d  Disc  of  attachment. 


136),  consists  of  a  cup-shaped  body  or 
“  calyx,”  which  encloses  the  principal 
viscera,  and  is  furnished  with  a  crown 
ol  pinnate  “  arms,”  and  which  is  at¬ 
tached  to  some  foreign  object  by  means  of  a  stalk  or  “col¬ 
umn,  composed  of  a  number  of  calcareous  pieces  or  “articu¬ 
lations.  In  some  cases  (as  in  Apiocrinus )  the  base  of 
the  “column  is  considerably  expanded.  In  other  cases  the 
column  is  simply  “rooted  by  a  whorl  of  terminal  cirri  in  soft 
mud  (\\  yville  I  homson).  The  column  may  be  extremely 
short,  or  even  wanting,  or  may  reach  the  extraordinary  length 
of  sixty  or  seventy  feet.  The  whole  column  i:  s  composed  of  a 
series  of  ring-like  or  pentagonal  joints,  which  are  movably 
articulated  with  one  another,  and  are  furnished  with  special 
muscles,  the  joint  surfaces  often  having  a  very  elaborate  struc¬ 
ture,  and  the  entire  stem  possessing  in  the  living  state  a  larger 
or  smaller  amount  of  flexibility.  Very  often  more  or  fewer  of 
tie  column-joints  carry  lateral  jointed  processes  or  “cirri” 


Fig.  I33.  -Pciitiicrintts  M.iclcayauus,  a  living  stalked  Crinoid,  slightly  enlarged. 
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(fig.  133)-  Each  joint  of  the  stem  is  perforated  centrally  by  a 
canal,  which  lodges  an  extension  from  the  “  chambered  organ  ” 
and  its  fibrillar  nerve-sheath. 

The  column  carries  at  its  summit  the  cup-shaped,  pyriform, 
or  bursiform  body  of  the  animal,  which  is  termed  the  “calyx.” 
As  the  column  is  produced  from  the  aboral  pole  of  the  animal, 
it  is  the  dorsal  side  of  the  calyx  which  is  turned  downwards, 
while  the  ventral  or  oral  side  is  turned  upwards.  The  dorsal 
or  inferior  side  of  the  calyx  is  entirely  enclosed  in  a  series 
ot  polygonal  calcareous  plates  closely  articulated  with  one 
another,  and  having  the  following  general  arrangement  (fig. 
134).  Resting  directly  upon  the  summit  of  the  highest  joint 


^  *S* 1 34*“  Oiagram  of  the  dissected  calyx  of  Rhodocrinus ,  a  “  dicyclic  ”  Crinoid,  viewed 
from  below  (after  Schultze).  b  Under-basals ;  p  Basal s ;  r  First  radials;  i  Inter- 
radials  ;  a  Anal  plates. 

of  the  column  is  the  basal  portion  of  the  calyx  (“  basis  ”),  con¬ 
sisting  of  a  single  or  double  row  of  articulated  plates.  In 
certain  Crinoids  (“  monocyclic  ”  forms)  there  is  only  a  single 
row  of  plates  in  the  basis,  and  these  are  known  as  the  “  basals.” 
In  other  forms  (termed  “dicyclic”)  the  basis  consists  of  two 
circles  of  plates,  in  which  case  the  plates  of  the  lowest  circle 
are  known  as  the  “under-basals”  (fig.  134,  />),  while  the  plates 
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of  the  second  circle  are  the  “basals.”*  The  “basals”  in 
both  cases  are  inter-radial  in  position,  and  correspond  with  the 
“genital  plates”  in  the  “apical  disc”  of  the  Echinoids.  Suc¬ 
ceeding  to  the  basals,  and  alternating  with  them,  are  two  or 
three  cycles  of  plates,  which  are  directly  superimposed  upon 
one  another  in  longitudinal  rows,  and  which  form  the  founda¬ 
tions  of  the  arms.  These  are  known  as  the  “  radial s  (tig. 

1  ta,  r),  and  are  termed  “  primary  radials,”  “  secondary  radials, 
and'  “  tertiary  radials,”  according  to  their  distance  from  the 
basals.  The  last  radial  plates,  or  those  furthest  from  the 
column,  give  origin  to  the  plates  of  the  arms  (  brachial 
plates).  The  radial  plates  are  arranged  in  a  series  of  vertical 
columns,  which  radiate  from  the  summit  of  the  basals  to  the 
bases  of  the  arms.  Between  the  different  columns  of  radial 
plates,  however,  there  maybe  intercalated  certain  other  srnal  er 
plates,  which,  from  their  position,  are  termed  “  inter-radials 

fi(T  1-4  i)  •  while  one  of  the  inter-radial  spaces,  corresponding 

with  the  anus,  is  usually  much  wider  than  the  others,  and  is 
furnished  with  an  additional  series  of  cal¬ 
careous  pieces,  which  are  termed  ana 
plates”  (fig.  1341  a).  From  the  margins  ot 
the  calyx,  where  the  dorsal  and  ventral 
surfaces  join  one  another,  arise  the  “  arms 
(fig.  133)-  These  are  composed  of  numer¬ 
ous  calcareous  joints,  movably  articulated 
together,  and  furnished  with  proper  mus¬ 
cles.  The  arms  are  usually  primarily  five 
in  number,  but  they  generally  bifurcate 
almost  directly  after  their  origin,  and  the 
branches  thus  produced  again  subdivide,  a 
crown  of  delicate  feathery  filaments  being 
thus  formed.  The  arms  carry  on  their  sides 
delicate  jointed  filaments  or  “  pinnules 
(fig.  135),  the  structure  of  which  repeats 
that  of  the  arms  upon  a  smaller  scale.  The 
upper  surface  of  the  arms  and  pinnulae  is 
covered  with  a  soft  membrane,  and  below 
this  are  placed  the  reproductive  organs. 
The  generative  organs  are  therefore  not 
placed  within  the  calyx,  and  it  follows  of  necessity  that  there 
is  no  generative  opening  or  “  ovarian  aperture  m  the  walls 

*  In  the  nomenclature  of  ®^^e(i^“ters,  tlie^plates^)^he^dicyclic^calyx 
are  known  re Herbert  Carpenter,  employed  above  undoubtedly 
expresses  die  tnw  homologies  of  the  monocyclic  and  dicychc  forms. 


Fig.  135. — Portion  of  an 
arm  of  Platycrinns, 
showing  the  lateral 
pinnulae. 
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of  the  calyx.  The  ventral  surfaces  of  the  arms  and  pinnulse 
are  furnished  with  grooves,  which  in  the  living  species  are 
seen  to  be  covered  with  vibratile  cilia.  The  brachial  grooves 
coalesce  till  they  constitute  five  primary  grooves,  which  are 
continued  from  the  bases  of  the  arms  to  the  mouth.  The 
action  of  the  cilia  gives  rise  to  a  constant  current  of  sea¬ 
water,  bearing  organic  matter  in  suspension ;  and  this  current 
proceeds  from  the  brachial  grooves  to  the  mouth.  In  this 
way  the  animal  obtains  its  food.  As  the  bases  of  the  arms 
are  separated  from  the  mouth  by  an  intervening  space,  it 
follows  that  the  brachial  grooves  are  continued  over  the 
ventral  surface  of  the  calyx,  till  they  reach  the  oral  opening. 

In  all  the  living  and  in  many  extinct  forms  of  Crinoids,  the 
ventral  surface  of  the  calyx,  usually  covered  by  a  leathery  skin 
with  scattered  calcareous  ossicles  or  plates,  exhibits  the  central 
or  sub-central  aperture  of  the  mouth,  to  which  the  ciliated 
brachial  grooves  converge.  It  also  shows  the  excentrically- 
placed  anus,  often  supported  upon  a  tubular  projection,  or 
“  proboscis.”  All  those  forms  which  have  been  grouped  to¬ 
gether  by  Dr  P.  Herbert  Carpenter  under  the  name  of  Neo- 
crinoids,  have  the  mouth  and  food-grooves  thus  exposed  to 
view.  On  the  other  hand,  in  a  large  number  of  forms,  mostly 
Palteozoic  in  their  range,  the  upper  surface  of  the  calyx  is 
covered  by  a  dome  of  articulated  calcareous  plates,  and  does 
not  exhibit  either  brachial  grooves  or  a  mouth-opening.  The 
only  opening  which  is  seen  in  the  ventral  surface  of  the  calyx 
is  an  excentric,  often  proboscidiform,  aperture,  which  seems  to 
be  certainly  the  anus.  The  forms  which  exhibit  this  type  of 
structure  are  known  as  the  “  Palceocrinoids  ” ;  and  it  has  been 
shown  that  in  these  the  brachial  grooves  are  continued  from 
the  bases  of  the  arms,  as  covered  passages  or  tunnels,  to  a  cen¬ 
trally-placed  oral  opening,  the  whole  being  concealed  from 
view  by  the  plated  integument  of  the  ventral  surface  of  the 
calyx. 

As  regards  the  distribution  in  space  of  the  Crinoids,  the  order 
is  represented  by  comparatively  few  forms  in  recent  seas,  and 
these  have  mostly  a  very  local  distribution.  The  majority  of 
living  forms  belong  to  the  sessile  division  of  the  order,  more 
than  150  species  of  Comatula  (in  the  wide  sense)  being  known, 
ranging  from  82°  N.  lat.  to  Kerguelen’s  Land,  but  most  abun¬ 
dant  in  the  tropics.  The  different  forms  of  Comatula  have  been 
described  under  various  subordinate  types  ( Antedon ,  Actino- 
metra,  Comaster ,  Phanogenia ,  &c.).  On  the  other  hand,  the 
Pedunculate  Crinoids,  which  abounded  in  the  earlier  periods 
of  earth’s  history,  are  now  represented  by  fewer  than  forty 
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species,  belonging  to  some  half-a-dozen  genera  ^Pentacnnus 
Rhizocrinus ,  Bathycrinus,  Hyocrinus,  Metacrinus,  and  Holopus), 
ranging  from  less  than  100  fathoms  down  to  depths  of  2^00 
b  fathoms.  The  most  abun¬ 

dant  recent  Stalked  Crinoids 
belong  to  the  genus  Penia- 
crinus.  The  little  Rhizo¬ 
crinus  Lofotensis  (fig.  136) 


occurs  in  the  North  Atlantic, 
and  is  of  interest  as  being 
a  modern  representative  ot 
the  Mesozoic  family  of  the 
“  Pear-Encrinites”  ( Apiocnn - 

idee). 

As  regards  their  distribu¬ 
tion  in  time ,  the  pedunculate 
Crinoids  attained  their  maxi¬ 
mum  in  the  Palaeozoic  pe¬ 
riod,  from  which  time  they 
have  gradually  diminished 
down  to  the  present  day. 
On  the  other  hand,  the  free 
Crinoids  are  comparatively 
modern,  and  seem  to  have 
reached  their  maximum  at 
the  present  day.  As  has  al¬ 
ready  been  pointed  out,  the 
older  forms  of  Crinoids  (Pa- 
lreocrinoids)  difter  in  some 
important  particulars  irom 
those  which  succeeded  them. 
The  order  is  well  represented 
in  the  Silurian,  Devonian, 
and  Carboniferous  rocks,  but 
especially  in  the  latter;  many 
Carboniferous  limestones 
(crinoidal  limestones  and 
entrochal  marbles)  being 
almost  entirely  made  up 
of  the  columns  and  separ¬ 
ate  ioints  of  Crinoids.  In  the  Secondary  rocks  Crinoids 

are  still  abundant.  In  the  Trias  the  beautiful  Stone- 

lilv”  (Encrinus  liliiformis)  is  peculiar  to  its  middle 
sion  (Muschelkalk)i  In  the  Jurassic  period  occur  many 
species  of  Apiocrinus  (Pear-encrimte),  Pentacnnus,  and  . 


. 

1^6. — Crinoidea.  Rhizocrinus  Lofotensis, 
a  living  Crinoid  (after  Wyville  Thomson), 
four  times  the  natural  size,  a  Stem  ;  0  Calyx  ; 
c  c  Arms. 
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crinus.  1  lie  Chalk  also  abounds  in  Crinoids,  amongst  which 
is  a  remarkable  unattached  form  (the  Tortoise-encrinite  or 
Marsupites). 

Of  the  non-pedunculate  Crinoidea,  which  are  a  decided  ad¬ 
vance  upon  the  stalked  forms,  there  are  comparatively  few 
traces  ;  but  remains  of  forms  (such  as  Saccosoma  and  Solano- 
cnnus )  allied  to  the  recent  Comatulce  have  been  found  in  the 
Jurassic  and  Cretaceous  deposits. 

Order  Cystoidea. — This  order  includes  Echinoderms  in 
which  the  body  (or  “calyx")  is  spherical  or  ovate ,  and  is  enclosed 
vi  a  case  composed  of  more  or  fewer  articulated  calcareous  plates , 
which  arc  usually  irregularly  arranged ,  and  do  not  exhibit  perfect 
radial  symmetry.  Some  of  the  plates  of  the  calyx  are  perforated 
by  pores  or  slits,  communicating  with  internal  tubular  organs 
(“ hydrospires' ),  the  functions  of  which  are  partly  respiratory 
and  partly  reproductive.  A  jointed  column  may  be  present  or 
absent.  The  upper  s  urfacc  of  the  calyx  shows  radiating  ambulacral 
grooves,  a  central  oral  aperture,  and  a  lateral  anal  (?)  opening, 
with  sometimes  a  small  ovarian  (?)  opening.  Arms  are  imperfectly 
droeloped  or  wanting. 

d  he  members  of  this  order  are  all  extinct,  and  are  entirely 
confined  to  the  Palaeozoic  period.  I'he  body  (fig.  137)  was, 


fr'S-  I37- — // emiscosmitcs  f>yriformis,  one  of  the  Cystideans.  The  right-hand 
figure  shows  the  upper  surface  of  the  calyx. 


typically,  more  or  less  spherical  or  pyriform,  and  was  protected 
an  external  skeleton,  composed  of  numerous  polygonal  cal¬ 
careous  plates  accurately  fitted  together  and  enclosing  all  the 
viscera  of  the  animal.  The  body  was  in  most  cases  perma- 
nently^attached  to  the  sea-bottom  by  means  of  a  jointed  calca¬ 
reous  “column,”  or  peduncle,  but  this  was  much  shorter  than 
in  the  majority  of  Crinoids,  and  was,  rarely,  altogether  absent, 
pon  the  upper  surface  of  the  body  were  two,  sometimes  three, 
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apertures  the  functions  of  which  have  been  a  matter  of  con- 
Sable  controversy.  The  central  aperture  may  be  regarded 
as  certainly  the  mouth,  as  to  it  converge  the  ambulacral  grooves, 
which  correspond  with  the  “food-grooves'  of  recent  Cnnoids 
The  lateral  aperture  was  defended  in  many  cases  by  at.  ■ 
fram'd  of  calcareous  plates,  and  there  seems  little  reason  to 
n X  that  it  was  anal  in  function.  The  third  aperture  is  of 
small  size,  and  only  occasionally  present.  It  may  represent  ai 
ovarian  aperture,  but  this  cannot  be  regarded  as  certan  . 

The  arml  of  the  Cystideans  are  always  imperfectly  deve  - 
l  nml  are  Dlaced  in  the  neighbourhood  ot  the  mout  . 

which  are  suspended  in  the  body-cavity  internally,  and  com 

rasl'^^I'he^'hyuinospb^s^miy  ^bloromparad^wlth  the 'folded  sacs 
or  “  bursre’’  of  the  Ophiuroids,  into  which  the  generative  ducts 

“Imnital  dety”  “like'dit  “Turam'Tuie  Ophiuroids  the 
“  hyd'rospires  ’’  may  be  supposed  to  be  partly  respiratory  and 

Ilieh  the  body  (“  calyx  ”)  is  pyriform ,  ovate,  or  globular ,  am 

n  T  o  ’  nlvx”  (fig  138)  is  generally  pyriform  or  ovate, 
anti  Kdosedt  J  cLrelne.y  T'l*"’dd" 
°Jfms  foZ76fyC  tlwee  * ‘Maasals/1  five  “radials,"  and  five 
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"  inter-radials  ’  ;  and  there  may  or  may  not  be  a  short  jointed 
“  column,”  by  which  the  body  was  attached  to  the  sea-bottom. 
1  he  upper  surface  of  the  body  exhibits  five  wide,  petal-shaped 


showing  the  ambulacral  areas  and  the  apical  apertures  ■  c  Side  view  nf  cl  Cert'ln,‘.s' 
usv'cMs;  rf  Summit  .of  Gratiatocrinus^neglcctu's.  °  (Fi|s  ^  and^  are  ofX 
ural  size  .  <-  and  d  are  slightly  enlarged.)  After  Hall,  and  Meek  and  Worthen. 

ambulacra,  each  of  which  is  centrally  grooved.  These  un¬ 
doubtedly  correspond  with  the  brachial  grooves  (“food-grooves”) 
of  the  upper  surface  of  the  calyx  of  the  Crinoids,  and,  like  the 
atter  doubtless  served  to  convey  currents  of  water  to  the 
centraHy-placed  mouth.  In  perfectly  preserved  specimens, 
both  the  mouth  and  the  ambulacral  grooves  are  found  to  be 

ITU,  T  Wlt,H  a/la'ed  membrane  of  small  calcareous 
-ides.  On  each  side  of  each  ambulacral  groove  was  fixed 

smgle  or  double  row  of  small  jointed  “pinnuke”  The 
hydrospires,”  lastly,  have  the  form  of  folded  lamellar  tubes 
vhich  are  essentially  the  same  in  structure  as  they  are  in  the 
n/tini  and.  Probabiy  the  same  in  function.  The  hydrospires 
of  the  Blasto.de  dtffer,  however,  from  those  of  the  Cystideans 
".ZIT*  particulars  as  regards  their  construction  and 
in  ”'unlca,10n  wlth  the  exterior.  They  are  usually  arranged 
anilm'i, r 'oops,  connected  with  tubes  running  underneath  the 

ambu  n/ai  0pemng  extfrnallJ'  bX  Pores  on  the  sides  of  the 
bv  fivi  ,  grooves>  and  also  communicating  with  the  exterior 

round6 thVrnoiith!13"^1"6^  ^  °PeningS  spiracles  ”)  P^ed 

onW  regfrds  t,heir  distribution  in  time ,  the  Blastoids  are  not 
earL-ff  rUS1Vey  Palasozoic,  ,jut  have  a  limited  range,  the 

format  nI°rniS-iaPFeaInng  in  -the  h!gher  Part  of  the  Silurian 
stone  if  ''  "*•  6  ,  e  ast  are  *ounf^  'n  the  Carboniferous  Lime- 
their  rv  •  IS  111  ,  latter  formation  that  the  Blastoids  attain 
Pentranitc™™  develoPment.  The  most  familiar  genus  is 
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CHAPTER  XX. 

HOLOTHUROIDEA. 

Order  Holothuroidea.  —  Vermiform  or  slug- like  Echino- 
dervis  unth  a  leathery  skin ,  in  which  calcareous  grains ,  plates, 
or  spicules  are  developed.  The  mouth  and  anus  are  more  or  less 
completely  terminal  in  position.  The  circumoral  ambulacra/ 
vessel  rives  off  prolongations  to  retractile  tentacles  placed  round  the 
mouth  ■  and  the  madreporite  commonly  does  not  communicate 
directly  with  the  exterior.  The  larva  has  no  pseudembryonic 

skeleton.  ,  .  u  c 

The  members  of  this  order  are  commonly  known  as  .  ea- 
encumbers,”  “Trepangs,”  or  “  Beches-de-mer,  and  are  the 
most  worm-like  of  all  the  Echinoderms  present, „g  consider¬ 
able  resemblances  to  the  Spoon-worms  (, Gephyrea ).  1  he  bod) 

is  elongated  and  vermiform,  or  sometimes  slug-shaped,  often 
showing  bilateral  symmetry  to  a  greater  or  less  extent.  1  e 
mouth  and  anus  are  placed  at  the  anterior  and  Posterior  em  s 
of  the  body  respectively,  though  m  some  forms  shifted  to  some 
extent  towards  the  ventral  side ;  and  the  mouth  is  surrounded 

bv  a  crown  of  tentacles  (fig.  139). 

There  is  no  proper  “test,”  but  the  skin  contains  numerous 

isolated  calcareous  bodies,  of  special  forms  m  dlftere,lt  Pes- 
These  calcareous  structures  may  be  globular,  wheel-shap  , 
spicular,  anchor-shaped,  &C-,  and  in  rare  cases  (as  m  Psolm) 
have  the  form  of  imbricated  scales,  constituting  a  kind  of 
external  case.  Within  the  proper  skin  is  a  muscular  layer, 
composed  of  an  outer  circular  and  an  inner  longitudinal 
stratum.  The  longitudinal  layer  is  divided  into  five  pnncipa 
bands  which  are  inserted  anteriorly  into  a  calcareous  ciu  urn- 
oral  ring,  and  each  of  which  is  longitudinally  bisected  by  a 
radiating  ambulacral  vessel  (when  this  exists)  and  by  a -  radial 
nerve-cord.  The  calcareous  ring  just  spoken  ot  consists  o 
a  series  of  plates,  generally  ten  in  number,  surrounding  the 
bullet  of  which  five  may  be  regarded  as  corresponding  with 
the  “  auriculae  ”  of  the  Echinoid  test;  but  the  entire  structure 
is  verv  imperfectly  developed  in  some  Holotlmrians. 

The  tentacles'  which  surround  the  month  (fig.  139)  *re 
retractile  hollow  processes,  containing  prolongations  from  the 
cSar  ring  of  the  ambulacral  system.  The  tentacles  vary 
much  in  form,  being  sometimes  digitate  or  feather-like,  but 
,  :  r  more  usually  either  branched  in  an  arborescent  manner 
(  as  in  the  DcndrochiroUe ),  or  provided  with  shield-like  exten- 
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sions  (. Aspidochirota ).  In  function,  the  tentacles  may  be  con¬ 

sidered  as  largely  connected  with  respiration. 

As  regards  the  digestive  system,  the  toothless  mouth  opens 
into  a  tunnel-shaped  pharynx,  which  in  turn  passes  into  the 
pioper  alimentary  canal.  This  continues  with  unaltered 
width,  usually  describing  various  convolutions  in  its  course, 


f  aiT;9'  —  Cucmnnria  />■<>„„ 
■show.ng  the  crown  of  feat 
tentacles  round  the  mouth 
the  rows  of  tube-feet. 


hi 


140.  / ! olothuroiden .  Semi-diagrammatic 

longitudinal  section  of  a  Holothurian.  t 
tentacles  ■  r  Calcareous  ring  at  the  base  of 
the  tentacles  ;  /  U0|jan  vesicle  ;  r  Sand- 
canal  ;  ,  ,,  Alimentary  canal  ;  g  Duct  of 
the  reproducuye  organs;  cl  Cloaca;  a  Anus; 
1 1  Respiratory  tree. 


a11  those  forme  1  the  anUS  the  hinder  end  of  the  body.  In 
the  alimentnrv  r  10"’ever>  which  possess  a  “  respiratory  tree,” 
0r  “doin’’  /f;Cana  te”lllnafes  >11  a  large  muscular  chamber 
anus.  Thf.  I4°’  C  '’  °Pens  or>  the  exterior  by  the 

body  bv  1  dpi;Infntary  Ctanal  ls  connected  with  the  wall  of  the 
>  y  a  delicate  membranous  “  mesentery  ” ;  and  the  body- 
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cavity  is  filled  with  a  watery  fluid  containing  floating  corpuscles. 
This  fluid  is  kept  in  motion  by  the  cilia  covering  the  external 
surface  of  the  intestine  and  other  internal  organs. 

The  vascular  (pseudohaemal  ?)  system  consists  of  a  principal 
dorsal  and  ventral  vessel  running  along  opposite  sides  of  the 
intestine,  together  with  an  oral  plexus,  from  which  proceed 
radial  vessels ;  but  in  most  cases  there  is  no  central  plexus  or 
“  heart,”  such  as  occurs  in  most  Echinoderms. 

Respiration  is  carried  on  partly  by  the  tentacles,  and  partly 
by  the  ciliated  mesentery  and  lining  of  the  body-cavity.  In 
many  Holothurians  —  hence  termed  Pneumonophora  —  there 
are  in  addition  two  branched  tubular  organs,  which  spring 
posteriorly  from  the  cloaca  and  extend  forwards  into  the  body- 
cavity,  constituting  the  so-called  “  respiratory  tree  ”  or  “  water- 
lungs”  (fig.  140,//).  Water  is  admitted  to  the  respiratory 
tree  from  the  cloaca,  and  gains  access  to  the  body-cavity  by 
minute  pores  in  the  ends  of  the  branches  of  the  tree.  The  so- 
called  “  Cuvierian  organs”  are  peculiar,  thread-like,  or  tubular 
structures,  opening  into  the  cloaca  or  into  the  stem  of  the 
respiratory  tree,  and  usually  regarded  as  performing  some 
excretory  function. 

The  ambulacral  system  varies  greatly  in  its  development, 
but  the  circular  oral  ring,  with  its  branches  to  the  tentacular 
crown,  is  always  present.  In  many  Holothurians  there  is  only 
a  single  “  Polian  vesicle,”  often  of  great  length  (fig.  140,  />), 
attached  to  the  circular  ring;  but  there  may  be  two,  five,  or 
many  vesicles.  The  stone-canal  is,  typically,  a  short  diverti¬ 
culum  of  the  ring-canal,  extending  into  the  body-cavity,  and 
terminating  in  a  dilated  extremity  or  “  madreporite,”  which  is 
strengthened  by  calcareous  spicules,  and  covered  by  epithelium. 
In  these  cases,  therefore,  the  stone-canal  (fig.  140,  s)  hangs 
down  freely  into  the  body-cavity,  and  the  fluid  which  fills  the 
ambulacral  vessels  is  derived  from  the  body-cavity.  In  other 
forms,  however  (viz.,  in  the  E/asipoda),  the  stone-canal  termin¬ 
ates  in  a  madreporite  which  is  either  connected  with  the  dorsal 
integument  in  the  middle  line,  or  actually  opens  on  the  sur¬ 
face.  When  fully  developed,  the  oral  ring  gives  off  backwards 
five  radiating  ambulacral  vessels,  which  divide  the  body  into 
an  equal  number  of  longitudinal  segments  or  lobes.  The 
tube-feet  given  off  by  the  radiating  vessels  may  be  irregularly 
scattered,  or  each  of  the  latter  may  give  off  a  double  row  of 
tube-feet  (as  in  Cucumaria ,  fig.  139),  which  perforate  the  in¬ 
tegument,  their  free  ends  terminating  in  suckers,  and  their 
bases  being  provided  with  internally-placed  “ampullte.”  In 
such  cases,  the  rows  of  tube-feet  are  divisible  into  a  ventrally- 


HOLOTHUROIDEA. 


257 

placed  series  of  three  rows  (“trivium  ”),  and  a  dorsally-placed 
series  ot  two  rows  (“  bivium  ”).  In  most  cases,  the  tube-feet 
ot  the  doisal  rows  are  less  developed  than  those  of  the  ventral 
rows,  or  they  may  be  aborted  altogether  (as  in  Psolus) ;  while 
in  the  SynaptidcB  there  are  no  radial  vessels  at  all.  Lastly,  the 
tube-feet,  when  present,  may  terminate  simply  in  conical  ends 
and  may  be  devoid  of  suckers. 

.  ^!le  nervous  system  has  the  form  characteristic  of  the  Ech- 
inoderms,  consisting  of  an  oral  ring,  sending  backwards  five 
branches,  which  accompany  the  radiating  ambulacral  vessels. 

he  reproductive  organs  in  all  Holothurians  have  the  form 
of  a  number  of  caecal  tubes,  which  lie  freely  in  the  body- 
caMty,  and  unite  to  form  a  single  excretory  tube,  opening 
externally  on  the  upper  surface  within  or  without  the  tenta- 


Fig. 


Ml.  Larv|°f  ^^The  tubnlo?a. !n  il-  natural  position,  ma 
Selenka.)  1  he  arrow  indicates  the  axis  of  rotation. 


(After 


generative^ 'till  Ge?eraIIy  there  is  a  right  and  left  bundle  of 
ifre  developed  ’  sometlra“  only  ‘hose  on  the  left  side 

J"  “me  Holothurians  development  is  direct,  the  young 
bemg  carried  about  by  the  mother,  adhering  to  tire  tube-fee! 
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of  the  dorsal  ambulacra.  More  usually  there  is  a  metamor 
phosis,  though  this  is  not  so  extensive  as  in  the  Echinoids 
and  Asteroids.  The  larval  Holothurian  exhibits  bilateral 
symmetry,  and  swims  about  by  means  of  a  continuous  longi¬ 
tudinal  ciliated  band  (fig.  14O,  which  enables  it  to  rotate  in 
a  nearly  vertical  position,  with  the  mouth  at  its  uppei  ei  c 
[and  the^ anus  at  its  lower  end.  After  a  time  the  ciliated  band 
breaks  up  into  a  series  of  transverse  rings,  and  the  embryo 
becomes  barrel-shaped,  when  it  is  known  as  an  Auncu/at  m. 
AtTs  stage  the  stone-canal  opens  on  the  exterior  ;  but  this 
connection  is  in  most  cases  lost  with  advancing  development. 
Ultimately  the  body  elongates,  the  tentacles  appear,  and  the 
acluh 1  Holothurian  is  gradually  produced.  The  embryo  resem¬ 
bles  that  of  the  Star-fishes  in  having  no  provisional  skeleton. 

rThere 

;h™,Tuch  s  Wjm 

more  or  less  maiked  bilateial  symn  >  _ there  are  no  tube-feet, 

tween  the  dorsal  and  veil  t  Holothurians  {Apncumona), 

nate  or  digitate,  borne  ot  tnese y  reSniratory  tree  and  no  radial 

such  as  ^^“onlh^therhand.formsSike  Molpadia  possess  a  re- 
ambulacral  vessels.  On  t  spiratory  tree  ( Pneumonephora ),  and  also 

have  radiating  ambulacral  vessels.  The 
Synaptce  are  singularly  worm-like,  and 
burrow  in  sand  or  mud,  which  they 
swallow  for  the  purpose  of  obtaining 
any  disseminated  nutrient  particles. 
They  often  form  a  kind  of  protective 
case  or  tube  of  sand -grains,  and  the 
integument  is  furnished  with  innumer¬ 
able  anchor-shaped  spicules  (fig-  I42h 
■  ,  r  attached  to  special  “  anchor  -  plates. 

Fig.  MJ-Anchor-.haped  sp.cute  of  ‘  chirodota>  the  skin  is  provided  with 

Se’atuched  Vagnified  greatly,  microscopic  calcareous  wheels  in  place 

of  anchors.  ,  ,  .  ,,,  • 

The  third  great  «tl . '  «**££££%£?&  IS.  "he 

f«/a,  end  comprws  some  of  ihe^^  T ^  ^  symmetrical,  often 

body  in  these  forms  (  ig.  4j)  .  sjde  aml  a  convex  dorsal  suiface. 

slug-like,  with  a  flat  or  concave  vu  t  _  ica]  non-retractile  tentacular 
Very  often  the  dorsal  surface  carne  J’  plates,  wheels,  or  spicules, 

processes.  The  skm  ,s  freely  into  the  body-cav.ty, 

The  madreporite  is  single,  never  1 UP  ?n  the  ^iddle  line,  or  piercing 

but  either  fixed  to  the  dorsal  1  *  exterior  by  one  or  several 

:2ng:ld  the  ambulacral  ampulhe  are 

often  much  modified. 
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As  regards  their  distribution  in  space ,  the  Holothurians 
enjoy  a  nearly  world-wide  range.  The  ordinary  types  ( Pedata 
and  Apoda)  are  mostly  inhabitants  of  shallow  seas,  or  live 


E‘asiP°dous  Holothurian,  (after  Theel).  A,  Ventral 

A”j^±rroM  hy  the  tentacies  D°-1 


between  tide-marks.  Some  of  the  larger  forms  occur  in  vast 
abundance  on  the  coral-reefs  of  the  Pacific,  one  species  (Holo- 

fiUriatX  arg!ls)  ^einS  largely  used  for  food.  The  Elasipoda ,  on 
the  other  hand,  are  essentially  deep-sea  forms,  extending  their 

range  to  2600  fathoms,  and  appearing  to  be  represented  in  all 
seas. 

With  regard  to  their  distribution  in  time,  little  can  be  stated, 
as  the  hard  parts  of  the  Holothurians  are  mostly  microscopic 
n  size,  and  therefore  naturally  difficult  of  detection.  Struc- 
tures  which  have  been  regarded  as  referable  to  the  calcareous 
plates  of  Uiirodota  occur  in  the  Carboniferous  Limestone,  and 

r^b°^S  ure  f°Und  in  the  Jessie  rocks;  while  the 
p  ates  of  Psolus  have  been  detected  in  Post-Tertiary  deposits 
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CHAPTER  XXI. 

i.  General  Characters  of  the  Annulosa.  2.  Divisions 
of  Annulosa.  3.  General  Characters  of  the  Sco- 
lecida.  4.  Characters  of  the  T/eniada. 

Sub-kingdom  Annulosa. — The  Annulose  animals  are  charac¬ 
terised  by  the  possession  of  a  body  which  is  usually  more  or  less 
elongated,  and  is  always  bilaterally  symmetrical ',  instead  of  bein? 
radially  disposed.  V ery  commonly  the  body  is  divided  into  similar 
(homonomous)  segments,  which  may  be  definite  or  indefinite,  and 
are  arranged  along  an  anteroposterior  axis.  Lateral  appendages 
may  be  absent  or  present,  and  when  present,  are  symmetrically 
disposed.  A  nervous  system  is  present,  and  consists  of  one  or  two 
ganglia  placed  in  the  anterior  part  of  the  body,  or  of  a  ven  f rally- 
placed  double  ganglia  ted  chain. 

I  he  association  of  the  Scolecida  with  the  normal  Annulose 
animals  renders  necessary  an  exceedingly  general,  and  there- 
tore  correspondingly  vague,  definition  of  the  sub-kingdom 
Annulosa.  '1  he  sub-kingdom  may,  however,  be  divided  into 
the  following  three  primary  sections,  each  of  which  admits  of 

being  characterised  in  a  sufficiently  definite  manner : _ 

I.  Scolecida.— This  division  includes  the  parasitic  worms 
(Jintozoa),  the  Wheel-animalcules,  and  some  allied  forms,  and 
is  characterised  by  having  an  elongated  or  a  flattened  body, 
winch  may  have  an  annulated  integument,  but  which  is  not 
a  a  ’  or  Jut  “^perfectly  segmented.  A  water-vascular  system 
is  present,  but  is  not  concerned  with  locomotion.  There  is 
no  true  blood-vascular  system,  and  the  nervous  system  consists 
o  one  01  two  cephalic  ganglia,  and  never  has  the  form  of  a 
gang  lated  ventral  chain.  Lateral  appendages  are  almost 
universally  wanting. 
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The  Scolecida  were  formerly  placed  by  Huxley  along  with 
the  Echinodermata  in  a  special  sub-kingdom  (Annuloida) ;  and 
no  doubt  can  be  entertained  as  to  the  reality  of  the  relation¬ 
ships  between  these  two  groups  of  animals.  On  die  other 
hand,  many  and  close  points  of  affinity  unite  the  higher  Sco¬ 
lecida  with  the  Ringed  Worms  ( Annelida ) ;  and  some  system- 
atists  unite  the  Scolecida  and  Anarthropoda  in  a  common  sub- 
kiimdom,  to  which  they  restrict  the  Linnean  name  of  Vermes. 

n.  Anarthropoda. — This  division  includes  the  Spoon 
Worms  ( Gephyrea ),  the  Ringed  Worms  (Annelida),  and  the 
Arrow  Worms  (Chcctognatha),  and  is  characterised  by  the  tact 
that  the  body  is  composed  of  a  number  (often  indefinite)  ot 
similar  or  nearly  similar  segments  arranged  longitudinally.  A 
“  pseudolnemal”  system  of  vessels  is  generally  present.  me 
nervous  system  is  placed  ventrally,  and  consists  typically  ot 
a  double  chain  of  ganglia,  united  by  longitudinal  commis¬ 
sures,  and  forming  an  oesophageal  collar.  Cilia  are  genera  > 
developed.  Lateral  locomotive  appendages  are  usually  pies- 
ent  but  are  never  jointed  or  articulated  to  the  body. 

III.  Arthropoda. — This  division  includes  the  Crustaceans, 
(1 Crustacea ),  the  Spiders,  Scorpions,  &c.  (Arachmda),  the  Cen¬ 
tipedes  and  their  allies  (Myriopoda),  and  the  Insects  (Insecfa). 
The  body  (fig.  144)  is  composed  of  a  series  (usually  definite) 


Fi 


estine  ;  e  Chamber  (cloaca)  into  which  the  intestine  open,,  v  Vent,  h  Heart, 


,311116  |  1  v  .  .  \ 

r  Nervous  system  ;  2  liases  of  the  legs. 


of  distinct  rings  or  “  somites,”  arranged  along  a  longitudinal 
axis  A  true  blood-vascular  system  is  normally  present,  amt 
the  heart  is  placed  dorsally.  The  nervous  system  consists 
primitively  of  a  double  chain  of  ganglia,  placed  ventrally  and 
Iravcrsed  anteriorly  by  the  oesophagus.  Limbs  are  almost 
always  present,  and  are  jointed  and  articulated  to  the  body. 

The  integument  is  more  or  less  extensively  hardened  by  the 

deposition  in  it  of  chitine,  with  or  without  salts  of  lime ,  ai 
ciliated  epithelium  is  not  developed. 
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The  Scolecida. 


The  name  of  Scolecida  was  proposed  by  Professor  Huxley  * 
for  the  reception  of  the  Rot  if  era,  the  Turbellaria,  the  Trema- 
toda,  the  Tceniada,  the  Nematoidea,  the  Acanthocephala ,  and 
the  Gordiacea .  Of  these  the  Rotifera  stand  alone;  whilst 
the  Turbellaria ,  Trematoda ,  and  Tceniada  constitute  the  di¬ 
vision  of  the  Platyelmia  (Flat  Worms);  and  the  Nematoidea , 
Acanthocephala,  and  Gordiacea  make  up  the  Nematebnia 
(Round  Worms  or  Thread-Worms).  The  term  Entozoa  has 
acquired  such  a  general  currency  that  it  is  necessarily  employed 
occasionally,  but  it  has  been  used  in  such  widely  different 
senses  by  different  writers,  that  it  would  be  almost  better  to 
discard  it  altogether.  It  certainly  cannot  be  used  as  synony¬ 
mous  with  Scolecida ,  many  of  these  not  being  parasitic  at  all. 
t  will  therefore  be  employed  here,  in  a  restricted  sense,  to 
designate  those  orders  of  the  Scolecida  which  are  internal 
parasites,  comprising  the  Trematoda ,  Tceniada ,  Nematoidea  (in 
part)  Acanthocephala ,  and  Gordiacea.  The  Turbellaria  and 
Rotifera ,  with  a  section  of  the  Nematoidea,  lead  a  free  exist¬ 
ence,  and  are  not  parasitic  within  other  animals. 

I  he  Scolecida  are  defined  by  the  possession  of  a  “  water- 
vascular  system,”  consisting  of  branched  tubes,  filled  with  a 
watery  fluid,  and  usually  communicating  with  the  exterior 
There  is  no  proper  blood-system,  and  the  nervous  system 
consists  typically  of  a  double  ganglion  or  a  pair  of  ganglia. 

I  he  body  is  usually  unsegmented,  rarely  imperfectly  seg¬ 
mented;  and  lateral  appendages  are  absent  (except  in  some 
Rotifers). 

Division  I.  Platyelmia.— This  section  includes  those  Scole- 
ada  which  possess  a  more  or  less  flattened  body,  usually  some¬ 
what  ovate  in  shape,  and  not  exhibiting  anything  like  distinct 
segmentation.  The  division  includes  two  parasitic  orders- 
the  Tceniada  and  the  Trematoda ,—  and  one  non-parasitic  order 
— Vlz,  the  Turbellaria.  A  sub-order,  however,  of  this  last,  the 
Nemertidce ,  does  not  conform  to  the  above  definition ;  but  its 


other  characters  are  such  as  to  forbid  its  removal. 
Order  I.  'Ren  i  ad  a  ( Cextnidpn\ _ 


acpuMicu  us  memoers  into  t 
scolices). 


wo  sections  ( Trichoscolices  and  Nemato 
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being  now  known  to  be  merely  immature  forms  of  the  Tape- 

The  Tcr.niada  are  Scolecids  in  which  the  body  of  the  adult 

is  elongated  and  com¬ 
posed  of  flattened  joints , 
the  anterior  extremity 
(“head")  armed  with 
booklets ,  or  suckers ,  or 
both  combined.  There 
is  no  mouth  or  aliment¬ 
ary  canal ,  and  the  young 
pass  through  a  meta¬ 
morphosis.  The  mature 
animal  is  hermaphro¬ 
dite. 

The  adult  Tape¬ 
worms  are  found  in¬ 
habiting  the  aliment¬ 
ary  canal  of  Vertebrate 
animals  of  various 
kinds.  In  its  mature 
condition,  a  Tape¬ 
worm  usually  consists 
of  a  minute  rounded 
anterior  extremity  or 
“head”  (fig.  i45>  a\ 
followed  posteriorly  by 
a  larger  or  smaller 
number  of  loosely- 
connected  pieces  or 
joints.”  These  latter, 
usually  called  “  pro¬ 
glottides,”  have  the  ap¬ 
pearance  of  being  seg¬ 
ments,  but  are  in  real¬ 
ity  buds  produced  from 
the  head,  and  contain¬ 
ing  the  reproductive 
organs.  The  buds 
a,  T tenia,  solium,  im  the  natural  nearest  the  head  are 

the  ones  last  produced, 
and  are  imperfect  ; 
hence  the  body  is  com- 

narativelv  narrow  in  front ;  but  as  we  proceed  backwards  from 
■'  ‘head*  the  proglottides  gradually  widen  out,  and  becoi  e 


i.’jrr  iaz. — A,  J  tenia  sautttti,  m  . - 

-'Head  "  or  “  nurse  "  ;  /'  One  of  the  proglottides  from 
the  sexually  mature  part  of  the  worm.  IS,  A  single 
mature  proglottis  of  the  same,  showing  the  genital 
pore  (/)  and  the  branched  uterus  («)• 


the 
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ultimately  mature.  In  certain  forms  (as,  for  example,  in  the 
simple  Caryophyllaus  of  the  Carp)  the  animal  consists  only  of 
the  head,  which  contains  the  generative  organs,  there  being 
thus  no  joints  or  “proglottides.”  In  the  Ligulce  of  Fishest 
Amphibians,  and  A\  ater-birds,  again,  the  body  is  annulated, 
and  contains  longitudinally-disposed  groups  of  reproductive 
organs,  but  proper  proglottides  are  not  developed. 

An  ordinary  tape-worm,  however,  consists  of  the  “head” 
and  a  variable  number  of  reproductive  buds  or  “proglottides,” 
these  latter  being  ultimately  detached  from  the  general  mass 
or  “  strobila.”  To  the  aggregate  of  the  head  and  joints  we 
must  apply  the  term  “individual”;  but  the  joints  have  also  a 
certain  amount  of  individuality,  since  they  may  live,  and  even 
increase  in  size,  after  detachment  from  the  parent  “  strobila.” 
As  the  larval  tape-worm  has  also,  in  some  instances,  the  power 
ol  producing  new  beings  by  gemmation,  each  of  which  may 
become  ultimately  developed  into  a  “  strobila,”  the  individuality 
of  the  tape-worms  is  of  a  very  complex  type. 

As  legards  the  anatomy  of  a  typical  tape-worm,  the  minute 
rounded  anterior  extremity  or  “  head  ”  (figs.  146,  e,  and  147,  B) 


mfdw^Zuatl  -B6  A  It  a  H,ea£  and  a  few  following  segments  of  7 >„/« 

/and^  stcmems  the  SQme  further  removed  from  the  head: 

si?e  ■  e  Head  of  tK  ^  fur‘jer  ,reT°V-ecl  from  the  head, -all  of  the  natural 

branched  uterus  ind  T’  en.ar.ged  ’  h  A  single  proglottis  of  the  same,  with  it> 
baciilaris)  with  six  hStP"  r  enlarS?,d  diameters  :  /  Embryo  of  Ttenia 
its  wrinkled  neck  'mrl  ’  K.^.ys^l.cerciis  cellulose with  its  booklets  and  suckers, 

and  Weinfand  )  ’  Calldal  veslde-  -Gorged.  (After  Leuckart,  Van  Beneden, 


IS  fixed  to  the  mucous  membrane  of  the  intestine  of  the  “  host  ” 
jy  muscular  cup-like  or  slit-like  suckers,  two  or  four  of  these 
organs  being  present.  In  the  so-called  “armed  ”  tape-worms 
the  head  carries  in  addition  to  the  suckers  a  circlet  of  horny 
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hooks,  the  bases  of  which  are  lodged  in  secreting  sacs,  and 
which  are  usually  arranged  in  a  closely-set  double  row.  Fhere 
is  a  thin  chitinous  cuticle,  underlaid  by  a  fibrous  corium,  and 
by  longitudinal  and  transverse  muscular  fibres,  and  the  integu¬ 
ment  contains  numerous  minute  refracting  bodies,  known  as 
“calcareous  corpuscles.”  No  mouth  is  present,  nor  are  there 
any  digestive  organs,  the  nutrition  of  the  animal  being  entirely 
carried  on  by  imbibition  through  the  skin.  The  head  contains 
two  minute  nerve-masses  (ganglia?),  which  are  connected  by  a 
transverse  cord,  and  send  two  longitudinal  branches  backwards. 
The  “water-vascular  system”  begins  in  the  head,  and  consists 
of  two  principal  trunks,  which  run  down  the  sides  of  the  body, 
communicating  with  one  another  at  each  articulation  by  means 
of  a  transverse  vessel,  and  opening  in  the  last  joint  into  a  con¬ 
tractile  vesicle  with  a  terminal  pore.  The  water-vessels  aie 
ciliated  internally,  and  connected  with  the  main  vessels,  aie 
minute  branching  tubes,  which  ramify  through  the  tissues. 

The  “  head  ”  or  “  nurse  ”  contains  no  other  organs  than  those 
enumerated  above,  the  reproductive  organs  being  developed 
in  the  joints  or  “proglottides,”  which  the  head  produces  pos¬ 
teriorly  by  a  process  of  gemmation.  After  the  production  ot 
the  first  joint,  each  new  proglottis  is  intercalated  between  the 
head  and  the  articulation,  or  articulations,  already  formed  ;  so 
that  the  joints  nearest  the  head  are  those  latest  formed,  and 
those  furthest  from  the  head  are  the  most  mature.  Hence  the 
portion  of  the  body  just  behind  the  head  is  narrow  and  thread¬ 
like,  and  it  only  gradually  widens  out,  till  we  reach  a  point 
where  the  joints  are  “  ripe,”  and  have  their  full  width.  bach 
proglottis  contains  a  lateral  canal  of  the  water-vascular  system, 
accompanied  by  a  lateral  nerve  ;  and  each,  when  mature,  con¬ 
tains  the  male  and  female  generative  organs  (figs.  146,  ",  and 
147,  A).  The  male  organs  consist  of  numerous  grape-like  tes¬ 
ticular  sacs,  the  ducts  "of  which  ultimately  unite,  to  open  at 
the  “  genital  pore,”  in  a  sac  containing  a  filamentous  protrusible 
“cirrus”  or  penis.  The  female  organs  of  the  proglottis  are 
very  complex,  consisting  of  an  ovary,  with  various  accessory 
"lands,  a  greatly-branched  dendritic  “uterus,’  usually  filled 
with  ova,  and  a  sac  (“  spermatheca  ”)  in  which  the  spermatozoa 
are  stored  up.  The  vagina  terminates  at  the  “  genital  pore, 
and  impregnation  is  effected  between  the  several  proglottides 
of  the  same  worm.  The  position  of  the  “  genital  pore  is 
usually  on  the  lateral  margin  of  the  proglottis  (fig.  i45>/)>  'vhen 
the  pores  may  be  all  on  one  side  of  the  strobila,  or  may  be 
placed  alternately  on  different  sides  of  successive  proglottides, 
as  is  the  case  in  the  common  Pork  tape-worm  and  beet  tape- 
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worm.  In  the  Russian  tape-worm  (Bothriocephalus  lotus)  the 
generative  pores  are  on  the  flat  sides  of  the  joints  (fig.  147,  F) 
The  above  gives  an  outline  of  the  organisation  of  one  of  the 
ordinary  tape-worms  in  its  fully  mature  condition;  and  we 
have  next  to  briefly  consider  the  developmental  processes  by 
which  this  condition  is  reached.  The  “armed  ”  tape-worms— 
t.e.,  those  in  which  the  head  is  furnished  with  a  crown  of  hook- 
lets— inhabit  the  alimentary  canal  of  carnivorous  or  omnivor¬ 
ous  Mammals  and  Birds.  The  “  unarmed  ”  tape-worms _ i.e. 

those  in  which  the  head  has  suckers  only,  without  hooks— are 
found  in  the  same  situation  in  vegetable-eating  or  omnivorous 
Mammals,  as  well  as  in  some  Reptiles,  Amphibians,  and 
rishes.  In  most  cases,  the  same  species  of  tape-worm,  in  its 
adult  state,  is  not  found  in  more  than  one  species  of  animal. 
In  other  cases,  the  same  form  may  infest  more  than  one 
species;  while  it  is  common  for  the  same  “host”  to  be  liable 
to  the  attacks  of  more  than  one  kind  of  adult  tape-worm.  ‘  In 
all  cases  alike,  however,  there  is  the  peculiarity  that  the  e^o-s 
of  the  proglottides  cannot  develop  themselves  in  the  intestine 
of  the  animal  in  which  the  adult  tape-worm  is  found.  In  all 
cases,  therefore,  the  egg  requires  to  be  expelled  from  the  body 
of  the  original  host,  and  to  gain  access  to  the  body  of  some 
other  animal,  within  which  it  can  undergo  the  earlier  stages  of 
its  development.  In  the  case  of  every  tape-worm,  therefore 
\\e  have  to  deal  with  two  hosts— viz.,  (1)  the  animal  which 
lodges  the  adult  worm,  and  which  may  be  termed  the  “final 
host  ;  and  (2)  the  animal  in  which  the  young  or  larval  form 
is  developed,  and  which  may  be  called  the  “intermediate 
bearer.  In  rare  cases— by  accident,  as  it  were— the  same 
animal  may  act  in  both  of  these  capacities.  Thus,  occasion¬ 
ally,  man  not  only  acts  as  the  “final  host  ”  to  the  Tania  solium , 
but  also  serves  as  “ intermediate  bearer.”  As  a  rule,  however, 
the  final  host  and  the  “intermediate  bearer”  are  not  only 
different  animals,  as  individuals,  but  belong  to  different  species 
of  animals.  I  hus,  while  man  acts  normally  as  the  “  final  host  ” 
to  the  Tama  solium,  the  pig  officiates  normally  as  the  “inter¬ 
mediate  bearer  to  the  same.  Moreover,  there  is  generally 
ns  relation  between  the  final  host  and  the  intermediate  bearer, 
that  the  latter  is  liable  to  be  eaten  by  the  former. 

I  he  ordinary  course  of  development  in  one  of  the  typical 
tape-worms  is  briefly  as  follows 

As  lias  just  been  mentioned,  the  ova  of  the  tape-worm  can¬ 
not  develop  themselves  within  the  intestine  of  the  “  final  host  ” 
but  require  to  be  swallowed  by  some  animal  other  than  the  one 
inhabited  by  the  mature  worm,  and  thus  to  gain  access  to  the 
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stomach  of  the  latter.  To  render  this  possible,  the  ‘  ripe 
proglottides,  filled  with  fertilised  ova,  are  successively  detached 
from  the  hinder  end  of  the  mature  tape-worm,  and  are  expelled 
from  the  intestine  of  the  final  host  along  with  the  faeces.  After 
their  discharge  in  this  way,  the  proglottides  may  for  some  time 
retain  their  vitality,  and  may  possess  some  power  of  movement, 
in  some  cases  increasing  in  size  and  only  first  becoming  fully 
developed  after  their  expulsion  from  the  body  of  the  final  host. 
In  all  cases,  however,  the  proglottides  ultimately  die  and  de¬ 
compose,  thus  liberating  the  contained  ova,  which  are  protected 
from  injury  by  ordinary  mechanical  or  chemical  agencies  by 
the  possession  of  a  thick  horny  capsule  (fig.  i47>  C).  In  this 


Kin  t  1 7  —Morphology  of  Taniadti.  A,  Proglottides  of  Tania  solium, showing  in  one 
joint  the  branched  uterus;  11.  Head  of  '/>„/«*  solium;  C,  Ovum  of  />**« 
showing  the  minute  six-hooked  embryo  enclosed  in  a  horny  shell  .  D.^‘-'^ooked 
embryo  of  Bothriocephalus  latus ,  enclosed  in  a  ciliated  lntegumei  ,  »  •  f 

Bothriocefihalus  latus,  showing  one  of  the  two  slit-like  suckers  b ,  Prog^Uides  nf 
Bothriocephalus  lotus,  showing  the  rosette-shaped  uterus  and  the  position ‘  “V" 

generative  pores:  r-  Water-vessel  :  /  Generative  pore  All  the  figures  are  enlarged, 
C  and  1)  greatly  so.  (1?,  D,  and  F  are  after  Leuckart.) 


sta>'e  the  embryo  is  so  far  developed  within  the  ovum  that  its 
head'  may  be  recognised  by  its  possession  of  three  pairs  of 
horny  booklets.  The  ova  require  for  further  development  that 
they  should  be  introduced  into  the  stomach  ot  some  animal, 
and  this  may  be  effected  in  one  of  two  ways:  (i)  By  some 
animal  swallowing  the  microscopic  ova  along  with  its  food  or 
drink  or  (2)  by  an  animal  actually  eating  one  or  more  ot  the 
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detached  proglottides,  in  which  case  decomposition  of  the  pro¬ 
glottis  and  liberation  of  the  contained  eggs  takes  place  in  the 
gastric  cavity  of  the  new  host. 

hen  intioduced  by  either  of  these  methods  into  the  stomach 
of  a  suitable  animal,  the  horny  capsule  of  the  ovum  undergoes 
solution,  and  the  contained  embryo  or  “  proscolex”  is  liberated, 
in  the  iorm  ot  a  minute  protoplasmic  body  provided  anteriorly 
with  three  pairs  of  horny  spines  (fig.  146,/).  Armed  with 
t  lese,  the  proscolex  perforates  the  wall  of  the  stomach  of  its 
host,  and  may  either  penetrate  some  contiguous  organ,  or  may 
pierce  a  blood-vessel,  in  which  case  it  may  be  carried  by  the 
current  of  blood  to  the  liver,  brain,  eye,  or  some  other  organ 
ot  the  body.  & 

Having  by  one  of  these  methods  reached  a  suitable  resting- 
place,  the  “  proscolex  ”  becomes  encysted,  and  proceeds  to 
develop  a  bladder-like  vesicle,  filled  with  a  clear  albuminous 
fluid,  from  its  hinder  extremity  (fig.  146,  g).  The  larval  worm 
is  now  known  as  a  “scolex,”  “Cysticercus,”  or  “Cystic  Worm,” 
and  it  may  be  microscopic  in  its  dimensions,  or  may  reach  a 
size  of  a  quarter  of  an  inch  or  more.  When  thus  encysted 
within  the  tissues  of  an  animal,  the  “scolex”  consists  of  a 
tsenioid  head,  with  a  crown  of  horny  hooklets,  and  four 
oscula  or  suckers,  united  to  the  caudal  bladder  by  means 
of  a  contracted,  often  transversely  wrinkled,  neck.  In  many 
cases  the  head  and  neck  are  not  protruded  from  the  caudal 
vesicle,  but  are  entirely  withdrawn,  and  are  spirally  coiled  up 
withm  an  inversion  of  the  latter.  The  integument  contains 
the  so-called  “calcareous  corpuscles,”  which  are  seen  in  the 
adult  tape-worm  ;  but  the  scolex  exhibits  no  traces  of  the 
repioductive  organs,  and  is  usually  incapable  of  further  de¬ 
velopment  in  its  encysted  condition.  In  some  cases,  however 
the  primitive  scolex  has  the  power  of  giving  rise  to  secondary 
sconces  by  a  process  of  gemmation,  thus  producing  a  com¬ 
pound  bladder-like  structure  (“hydatid”),  the  dimensions  of 
which  may  be  very  considerable. 

As  a  general  rule,  the  encysted  scolex  remains  quiescent 
and  unchanged,  its  life  being  of  considerable  duration,  but 
terminating  in  ultimate  degeneration,  unless  a  fresh  change  of 
habitat  be  effected.  If,  however,  the  flesh  of  the  “  intermediate 
Dearer  should  be  eaten  by  another  suitable  animal,  and  the 

nf<  ‘>S«<r  S,C?  ex  ,^e  t'lus  introduced  into  the  alimentary  canal 
01  a  Anal  host,  ’  a  new  series  of  changes  is  initiated.  The 
co  ex  now  attaches  itself  to  the  mucous  membrane  of  the 
intestine  of  its  new  host  by  means  of  its  cephalic  hooklets 
(when  these  are  present)  and  suckers.  The  caudal  vesicle  is 
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absorbed,  and  the  scolex  is  thus  converted  into  the  head  of 
the  adult  tape-worm.  Gemmation  then  commences  from  its 
posterior  extremity,  the  first  segments  being  immature.  As 
the  first-formed  joints,  however,  are  pushed  further  from  the 
head  by  the  constant  intercalation  of  fresh  articulations,  they 
become  sexually  mature,  thus  constituting  the  “  proglottides 
of  the  adult  tape-worm  with  which  the  cycle  began.  To  the 
entire  organism,  with  its  “head”  and  its  mature  and  immature 
joints  (“proglottides”),  the  term  “  strobila  ’  is  now  applied. 


In  the  case  of  all  those  tape-worms  the  life-history  of  which  has  been 
fully  worked  out,  the  general  course  of  development  is  as  above  sketched 
out  •  though  there  are  modifications  of  the  process  in  different  forms  of  the 
<rroup  Of  the  various  tape-worms  (about  eight  in  number)  to  which  man 
fs  known  to  act  as  the  “  final  host,”  several  are  exceedingly  rare  in  then- 
occurrence,  while  we  are  largely  or  wholly  ignorant  of  their  development. 
There  are  however,  three  forms  of  tape-worms  which  commonly  infest  man 
in  their  adult  condition,  and  the  history  of  which  may  be  briefly  glanced  at 
here.  The  first  of  these  is  the  Tania  solium  or  “  Pork  tape-worm,  which 
is  found  in  the  small  intestine  of  man — sometimes  solitarily,  sometimes  to 
the  number  of  half  a  dozen  or  more— and  which  grows  to  a  length  of  about 
ten  or  twelve  feet.  The  Pork  tape-worm  is  one  of  the  “armed  tape¬ 
worms,  its  head  having  a  crown  of  booklets,  in  addition  to  its  four  suckers 
(fi„.  I47  B).  When  fully  matured,  the  “strobila”  consists  of  about  eight 
hundred  and  fifty  proglottides,  of  which  the  last  hundred  or  fewer  may 
be  “ripe”  or  fully  developed.  The  generative  pores  are  lateral,  placed 
usually  on  alternate  sides  of  successive  joints  ;  and  the  uterus  (tig.  147,  A) 
is  much  less  minutely  branched  than  in  the  Beef  tape-worm.  The  scolex 
of  the  Tania  solium  is  most  generally  found  in  the  pig,  commonly  encysted 
in  the  muscles,  and  usually  present  in  considerable  numbers  It  grows  to 
a  size  of  a  quarter  of  an  inch,  and  was  originally  described  as  a  distinct 
worm,  under  the  name  of  Cysticerais  celluloses  (fig.  146,  g).  Infection 
results  from  the  eating  by  a  human  being  of  a  portion  of  the  flesh  of  a  pig 
which  is  “measly,”  or,  in  other  words,  contains  one  or  more  of  these  Lysti- 
cerci  Though  the  Cysticercus  cellulosa  is  most  usually  found  111  the  pig, 
both  wild  and  domesticated,  it  also  occurs  encysted  in  the  tissues  of  other 
animals,  and  not  very  uncommonly  in  man  himself,  the  two  commonest 
situations  in  which  it  has  been  detected  in  the  human  subject  being  the 
brain  and  eye.  When  encysted  in  the  muscles,  the  Cysticerais  cellules « 
does  not  necessarily  give  rise  to  any  special  symptoms  unless  present  in 
(Treat  numbers;  but  the  presence  of  even  a  single  Cysticercus  in  such  an 
or<ran  as  the  brain  may  produce  serious  disease,  or  even  death. 

A  commoner  human  parasite  than  the  preceding  is  the  beef  tape-worm 
(Tania  mediocanellata  or  T.  saginata).  This  is  one  of  the  -  unarmed 
tape-worms,  its  head  (fig.  146,,)  having  four  suckers,  but  no  booklets;  and 
it  grows  to  a  length  of  twenty  feet  or  more,  the  strobila  containing  ^twelve 
hundred  or  more  joints,  of  which  the  last  two  hundred  may  be  ripe.  ie 
mature  joints  are  wider  than  in  71  solium,  with  laterally  and  alternate  j 
placed  <Tenital  pores,  and  having  the  uterus  dendntically  branched.  ie 
scolex  (Cysticercus  bovis )  is  found  in  the  ox  in  all  its  varieties,  its  most 
general  position  being  in  the  muscles,  and  its  size  being  mostly  under  two- 

lifths  of  an  inch.  „  .  ,  .  •  .1,,, 

The  third  human  tape-worm  which  may  be  here  alluded  to  is  tin. 

“  Broad  tape-worm  ”  (Bothriocephalus  lotus),  sometimes  called  the  Kus- 


T/ENIADA. 


-V3 

sian  tape-worm  from  its  common  occurrence  in  Russia,  though  it  also 
occurs  in  other  countries  as  well  (Poland,  Switzerland,  Ireland,  &c  )  This 
remarkable  parasite  is  the  largest  of  the  human  Cestodes,  the  strobila 
^louing  to  the  length  of  twenty-five  feet,  and  being  composed  of  over  three 
thousand  proglottides.  The  joints  (fig.  147,  F)  are  proportionately  very 
narrow  in  their  antero-postenor  development,  but  are  very  wide  -  and 
the  rosette-shaped  uteri  open  by  genital  pores  placed  on  the  flat  surface 
of  each  proglottis  The  head  (fig.  147,  E)  is  “  unarmed,”  oval  in  shape 
and  furmshed  with  two  long  slit-like  suckers.  The  proglottides  are  thrown 

hd  at  onePend  Th  °Va  T  en.closed  in  a  horn7  capsule  furnished  with  a 
lid  at  one  end.  The  embryo  is  at  first  aquatic,  swimming  actively  bv 

means  of  a  ciliated  integument  (fig.  147,  D).  The  ciliated  embryo  gives 
use  to  a  minute  cystic  larva,  which  has  an  invaginated  head  and  fives 
en capsuled  in  the  muscles  of  the  pike  and  other  fresh-water  fishes 

i\ot  only  does  man  act  as  the  “final  host”  to  the  three  Cestodes  men 
tioned  above,  as  well  as  to  several  other  forms  of  tape-worms,  but  he  mav 

ThhYlY  the  P,ait  °f  “lntermediate  bearer”  in  the  case  of  other  species7 
his  is  known  to  occur  as  regards  Tania  solium  ;  but  it  is  of  more  common 
occurrence  in  the  case  of  one  of  the  tape- worms  of  the  dog-viz  the  “ 

nnd  Y?™-  Yhe ;r°bila”  of this sPecies  inhabits  the  intestine  of  thedog 
‘  is  composed  of  four  segments  only,  counting  in  the  “  head  ”  (fig.  148,’ 


and  suckers,  andYh^threesucceedin^nr^T^  sholvin|8  tf"-‘  head  with  its  hooklets 
live  organs  (enlarged):  o  Ovary  •  °Ulde‘j’  the  last  containing  the  reproduc- 

hydatid  cyst,  showing  the  ^arer-vessels.  B,  Interior  of  a  portion  of  a 

Young  £cAinoct>cctisSa.bm,,^ „ 'caPsu,“  an,d  included  Echinococci  (from  Man).  C, 
and  the  inner  granular  contents  ^  d’ .s  ^le  diick  laminated  outer  capsule 

hooklets,  suckers,  contained  ‘ 1 1  ’  ‘^ln^  c  Echinococcus  (from  Man),  showing  the 

are  enlarged.  (AfteTsplcer  PediC'C- 

with  hooks  and  sucke'rs '  "'flip  SeXUalIy  mature>  ancI  tIle  lleatI  is  furnished 

to  a  “proscolex  ”  which  1  *SS’  Wlen  swallowed  by  man>  gives  origin 
proscolex,  which  bores  its  way  through  the  walls  of  the  stomach, 

S 
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and  may  either  lodge  in  some  neighbouring  tissue,  or,  gaining  access  to  a 
blood-vessel,  may  be  carried  to  the  liver,  lungs,  brain,  kidneys,  or  other 
internal  organ,  the  liver  being  most  frequently  affected  The  proscolex 
encysts  itself,  and  gives  rise  to  a  primitive  scolex  (fig.  14b,  L),  in  the  lorrn 
of  a  central  granular  mass  enclosed  in  a  thick  laminated  external  envelope. 
The  original  scolex  now  begins  to  produce  new  scolices  by  a  process  ot 
gemmation,  the  ultimate  result  being  the  formation  in  the  organ  affected 
of  what  is  called  a  “  hydatid  tumour.”  Such  a  tumour  consists  ordinarily 
of  a  globular  or  lobulated  cyst,  varying  in  size  from  the  dimensions  of  a  nut 
up  to  that  of  an  orange,  one  or  more  of  these  being  lodged  in  some  solid 
orcmn  The  cyst  is  filled  with  a  clear,  transparent,  straw-coloured  fluid, 
remarkably  free  from  albuminoids,  but  containing  much  chloride  of  sodium. 

It  is  formed  (fig.  148,  B)  of  an  outer  laminated  elastic  layer,  and  a  much 
thinner  internal,  comparatively  inelastic  layer  dhe  inner  layer  may  be 
regarded  as  representing  the  combined  caudal  vesicles  of  a  number  ot 
scolices,  and  is  the  essentially  vital  part  of  the  structure.  Little  connection 
exists  between  the  two  layers,  and  if  the  cyst  be  laid  open,  and .the  con¬ 
tained  fluid  let  out,  the  inner  layer  often  collapses,  and  exhibits  a  chaiac- 
teristic  “  tremulous  motion,  at  the  same  time  coiling  upon  itself  whei ever 
there  is  a  free  cut  margin”  (Cobbold).  The  inner  lining  of  the  cyst  pro¬ 
duces  by  gemmation  innumerable  scolices,  which  have  been  describe 
under  the  name  of  Echinococcus  hominis  or  E.  veterinorum.  Each  .  Fcti 11- 
nococcus  ”  is  from  ^  to  ^foth  of  an  inch  in  size,  solid  throughout,  with  four 
suckers  and  a  crown  of  hooks  (fig.  148,  D).  Many  of  the  scohces  become, 
however,  ultimately  transformed  into  delicate  cysts  or  ^rood-capsules,  . 
from  which  numerous  secondary  scolices  are  budded  out  (fig.  I4»>  J  > 
these  becoming  inverted  and  withdrawn  into  the  brood-capsule,  though 
some  may  be  everted.  Secondary  brood-capsules  may  also  be  developed 

in  the  interior  of  the  primary  capsules.  *  •  •  1 

Hydatid  tumours  are  of  not  uncommon  occurrence  in  countries  in  which 
drinking-water  is  taken  from  ponds  or  wells  to  which  dogs  have  free  access  , 
and  they  commonly  give  rise,  by  pressure  upon  surrounding  struc dines  to 
serious  or  even  fatal  disorders.  Man  is  not  the  only  animal  liable  to 1  be 
infested  by  the  scolices  of  the  Tana  echinococcus,— oxen  sheep,  and  horses, 
in  particular,  being  very  subject  to  hydatids.  1  he  adult  worm  is  only  de¬ 
veloped  in  case  one  of  the  “  Echinococci  ”  should  be  swallowed  by  a  dog. 
It  is  from  the  horse,  ox,  or  sheep,  therefore,  that  the  dog  is  liable  to  be¬ 
come  infected  with  the  adult  worm  ;  and  it  is  chiefly  in  countries  wheie 
dogs  are  commonly  fed  upon  the  offal  of  the  slaughter-houses  that  the 
echinococcus  is  at  all  a  frequent  parasite  in  the  dog.  .  , 

As  regards  some  other  well-known  tape-worms,  the  Tania  marginata  of 
the  doggspends  its  larval  condition  in  the  sheep  and  other  Ruininants  as 

the  Cysticercus  tenuicollis.  The  Tania  serrata  of  the  dog  has  fo  its  scolex 
the  Cvsticercus  pisiformis  of  hares  and  labbits.  the  lan.  . 

cue Jenna  of  the  dog-a  Cestode  which  also  occurs  in  its 
•  u,.man  subject — inhabits  the  common  louse  of  the  dog  ( 1 1  icnoaectes 
Z  V  3  1 “SJJomes  infected  b,  licking  itself,  and  thus  s»al fewmg 
Slill  another  lape-wom  of  the  dog-vtr.,  the  & 

inhabits  in  its  larval  state  the  sheep,  the  scolex  in  this  case !  having  t 
power  of  internal  multiplication  or  budding,  and  thus  produc  ig  > 
fumours  ”  The  hydatid  cysts  of  Tania  can  urns  (originally  desenbed  as 
Sum's  cerebral  is)  are  found  in  the  brain  of  the  shce  P  goat  am  o he. 

1  thev  rive  rise  in  the  former  of  these  to  the  disease  kne 

The  V.c,„V,  r ram, Mis  of  the  cat  k  the  mat,, re 

forS  the  C,Sn,m,„jM,rU  of  the  moose ;  and  the  tro.m'P 

of  the  fox  is  derived  from  the  Cysticercus  iongicolhs  of  the  \  ole  (.in 
terrestris). 
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CHAPTER  XXII. 

TREMATODA  AND  T  URBELLA  R I  A . 

Order  Trematoda.  Leaf-like ,  rarely  vermiform ,  internal 
( sometimes  externa!}  parasites,  pro'll ded  until  one  or  more  ventral 
suckers  ;  a  mouth  and  alimentary  canal,  but  no  anus.  No  body- 
cavity.  Integument  of  the  adult  not  ciliated.  Sexes  generally 
united.  This  order  includes  a  group  of  animals,  which,  like 
the  preceding,  are  parasitic,  and  are  commonly  known  as 

Suctorial  A\  orrns  ”  or  “  Flukes.”  They  inhabit  various  situ¬ 
ations  in  different  animals— mostly  in  birds  and  fishes— and 
they  are  usually  flattened  or  roundish  in  shape.  The  body  is 
provided  with  one,  two,  or  more  suctorial  discs,  by  means  of 
which  the  animal  adheres  to  its  host.  The  alimentary  canal 
is  simply  hollowed  out  of  the  parenchyma  of  the  body,  and 
does  not  lie  in  a  free  space  or  “perivisceral  cavity.”  The  in¬ 
testinal  canal  is  always  bifurcated  behind  the  gullet,  and  its 
two  divisions  may  either  remain  simple  (as  in  Distoma  lanceo- 
latum,  fig.  1 49,  i  i),  or  may  be  more  or  less  branched  (as  in 
Distoma  hepaticum,  fig.  150).  In  any  case,  the  divisions  of  the 
alimentary  canal  terminate  blindly  behind.  The  opening  of 
the  mouth  is  always  placed  at  the  front  end  of  the  body,  "and 
is  usually  situated  at  the  bottom  of  an  anterior  sucker  (fig.  140, 
aa '■  \  water-vascular  ”  system  is  present,  and  consists  of 

"o  PnnciPal  lateral  vessels,  which  are  connected  with  minute 
branching  tubes,  and  open  posteriorly  into  a  common  contrac¬ 
tile  vesicle,  which  communicates  with  the  exterior  by  an  ex¬ 
cretory  pore  (fig.  149,/).  The  nervous  system  consists  of  a 
double  ganglion  placed  above  the  gullet. 

W  ith  few  exception5,  the  sexes  are  united  in  the  same  in- 
1  V1  ua  :  an  * J5  repioductive  organs  are  of  a  very  complicated 
descnpuon  T  he  generative  apertures  are  placed  close  to- 
g  t  ier,  anteriorly  and  on  the  ventral  side  (between  the  two 
™S  Dlstomf 'fig-  149,  c).  The  male  organs  consist  of 
nrnf-i-  ’c/Vi  1  aSa  deferent ia,  and  of  a  dilated  sac  containing  a 
P“  pen's;  The  female  organs  consist  of  an  ovary  and 
u  i] - ’  a  111111  ^launched  uterus  (fig.  149,  a},  and  of  two  large 
hut  tl  f>cn.ous  Stands.’  Development  is  in  some  cases  simple  ; 

“  At prllt'  *S  grnerally  a  metamorphosis,  accompanied  by  an 
alternation  of  generations.”  1  3 

m 6 „  .Fluke- worms  inhabit,  in  their  adult  condition,  the 

thp  i'r.y  ^  SltUau'0nS‘-  ^ost  are  internal  parasites,  living  in 
es  ines  or  hepatic  ducts  of  Mammals,  Birds,  or  Batrachi- 
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ans,  the  vitreous  humour  or  lens  of  the  eye,  the  blood-vessels, 
&c  \  few  are  external  parasites,  living  on  the  skm  and  guls 

of  fishes,  Crustaceans,  and  other  ani¬ 
mals. 


As  the  type  of  the  Trematodes  the  common 
Liver-fluke  {Distoma  hepaticum )  may  be  se¬ 
lected.  This  well-known  parasite  inhabits  in 
its  adult  state  the  biliary  ducts  of  the  sheep, 
ox,  horse,  hare,  See.,  or  of  man  himself;  but 
its  natural  host  appears  to  be  the  sheep,  m 
which  animal  it  causes  by  its  presence  the 
widely  -  spread  and  commonly  fatal  disease 
known  as  the  “rot.”  The  adult  Distoma 
hepaticum  (fig.  150,  A)  is  ovate  and  leaf-like 
in  form,  usually  from  a  quarter  of  an  inch  to 
an  inch  or  more  in  length,  the  cuticle  being 
covered  with  minute  horny  spines.  Below  the 
true  skin  is  a  layer  of  longitudinal  and  trans¬ 
verse  muscular  fibres,  and  the  general  paren¬ 
chyma  of  the  body  is  composed  ol  polygonal 
cells.  Two  suckers  are  present,  one  placed 
anteriorly  and  perforated  by  the  opening  of 
the  mouth,  the  other  situated  posteriorly  on 
the  ventral  surface  and  imperforate.  Between 
the  two  are  the  closely  apposed  generative 
apertures.  Both  of  the  suckers  are  used  m 
locomotion,  and  the  ventral  sucker  is  the 
principal  organ  of  adhesion.  The  mouth 
opens  into  a  short  gullet,  which  divides  into 
two  principal  intestinal  tubes,  which  in  turn 
,rive  off  numerous  branched  creca.  1  he  con¬ 
tents  of  the  intestine  are  mostly  bile  derived 
from  the  bile -ducts  of  the  host,  and  the 
branched  alimentary  canal  is  thus  dark  in 
colour.  There  is  no  anus,  nor  perivisceral 
cavity,  and  the  digestive  canal  is  simply  ex¬ 
cavated  out  of  the  general  tissues  of  the  body. 
There  is  a  branched  system  of  water-vessels, 
which  open  posteriorly  by  a  caudal  pore,  and 
contain  a  watery  fluid  in  which  float  refracting 
corpuscles.  The  reproductive  organs  of  the 
two  sexes  are  present  in  the  same  individual, 
and  are  extremely  complicated. 

The  following  are  the  principal  phenomena 
in  the  life-history  of  the  Liver-fluke,  as  worked 
out  by  Mr  A.  1\  Thomas.  The  ova  of  Dis¬ 
toma  hepaticum  are  exceedingly  numerous,  a 
single  individual  often  containing  many  thou¬ 
sands  ;  each  being  oval  in  shape,  wth  a  chit- 
inous  covering  and  a  distinct  lid  (fig-  1 5°.  15  * 
the  long  diameter  being  about  ^th  °f  an  inch. 

The  ova  pass  from  Ihe  bile-luets  of  the  sheep  into 


ig 


149.  A  Trematode  Worm 
( Distoma  lanceolcituin ),  en¬ 
larged.  cut  Anterior  sucker, 
with  the  mouth  at  its  bottom  ; 
ap  Posterior  sucker  ;  o  Gullet, 
dividing  behind  into  the  two 
branches  of  the  intestine,  which 
are  unbranched,  and  terminate 
behind  in  blind  extremities 
(11);  p  External  opening  of 
the  water* vessels,  which  divide 
above  so  as  to  cross  the  blind 
ends  of  the  intestine  ;  t  t 
Testes  ;  c  Openings  of  repro¬ 
ductive  organs;  gv  \  itelligen- 
ous  glands ;  dv  Oviducts ;  u 
Uterus. 
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and  give  origin  to  minute  embryos,  each  of  which  is  an  inverselv-conical 
u  lated  body  (tig.  150,  C),  with  a  double  pigment-spot  or  “ocellus  ”  and 
a  short  proboscis  in  front.  The  embryo  swims  actively  in  the  water  by 
leans  of  its  cilia  ;  but  its  independent  life  only  lasts  a  few  hours  and  it 
perishes  unless  it  should  meet  with  its  proper  host. 

This  host  is  one  of  our  common  Water-snails— viz.,  the  Limncca  truncci - 
tida  a  Mollusc  which  is  amphibious  in  its  habits,  and  is  found  just  as  often 
out  of  the  water  as  m  ,t.  Should  the  ciliated  embryo  of  DistoZlpaScZ 


Fig'su^a ^  worm,  viewed  from  the  ventral 
lid;  C,  Ciliat«l  free-swiin^nr?e^K,-,l/anC\'in  allmf«ary  canal;  B,  Ovum,  with  its 
“sporocyst  ”  ;  E  An  adult  “ !ts  P''°k°scis and  eye-spots  ;  D,  A  young 
terior  ;  F,  An  adult  “  redin  ”  ■  ^St’  wltk ,a  near  .y  mature  “  redia  "  (r)  in  its  in- 

numerous  germs  •  G  Free  rr  a'-m1?.®  tw?  cercarite  ”  (c  c),  a  daughter-redia,  and 
testine ;  ^  Digest  ve  sac  of  “red?/  -  ,  ,?£a*nor  ™cJcer;  ®  Ventral  sucker;  /  In- 
are  enlarged/and  are  after  A.  P  Thoma."  Blrth'°Pemne  "  of  “  redia.”  Figs.  B-G 

lTolcLrai^yodgL^ud/b'^ thetT)b?reS  int°  ’Is  tiS,!UeS  hy  mcanS  of  its  Pro* 

'Mollusc  When  it  Ins  -m  •  1  P“lmonary  chamber  or  body-cavity  of  the 

'■  becomes  sallike,  hs con^a  the  ^  ils  "li*> 

it  constitutes  what  is  i,,«  1  1  1  ^  same  tlme  breaking  up  into  cells,  when 

cyst  "  mly  beTeCarded  as  AaS  ?  fsP°r°7St”  (fi«-  >5°,  D).  The  “sporo- 
-  L  as  a  kind  of  brood-sac  for  the  second  generation  of 
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larval  forms,  and  its  cells  (fig.  150,  E)  ultimately  arrange  themselves  so  as 
to  form  one  or  more  secondary  embryos,  which  are  called  redue,  after 

th  VherTfully  mature,  the  “redia”  breaks  through  the  wall  of  the  “sp°ro- 
cyst”  in  which  it  was  produced,  and  bores  its  way  into  the  tissues  of  the 
snail  finally  lodging  in  some  solid  organ,  generally  the  liven  The  red 
(fio-  ’150,  F)  now  increases  in  size,  and  may  grow  to  >nrth  of  an  inch  in 
length5  It  has  a  mouth,  muscular  pharynx,  and  sac-like  stomach ,  an 

its  contents  break  up  into  a  number  of  tertiary  germs.  Some  of  these  in- 
‘  ,  it  ^  Vviit  r»tVi£»rc  Viprnmp  develoDCCl  into 


original  redia  by  means  of  an  opening  in  the  walls  of  the  latter  known  as 
theS“ birth-opening”  (fig.  iSO.F.i).  The  “cercaria  thusset  fiee  consists 
of  an  oval  body,  furnished  with  a  long  swimming-tail  (fig.  150,  G),  and 
having  In  anterior  and  posterior  sucker.  At  the  bottom  of  the  anterior 
sucke?  is  placed  the  mouth,  which  leads  into  a  gullet  which  divides  into 
two  simple  branches.  The  condition  of  the  intestine  of  the  cercaria  is, 
therefore  similar  to  what  it  is  in  such  adult  Flukes  as  Distoma  lanceolatum 
The'  °  cercaria  ’  ’  works  its  way  out  of  the  snail  by  means  of  its  suckers  and 
tail  and  thus  gains  access  to  water,  in  which  it  swims  active  y. 

After  a  brief  free  life,  the  cercaria  attaches  itself  by  means  of  its  suckers 
to  tome  foreign  body,  such  as  a  blade  of  grass  when  it  loses  its  tail,  and 
becomes  surrounded  by  a  white  horny  cyst  Should  o*'e  c  f  t^e 
rvsted  ”  cercarire  be  swallowed  by  a  sheep  along  with  1 U  food,  the  horny 
envelope  of  the  larva  is  dissolved,  and  the  young  Fluke  thus  set  fiee  make 
its  way  into  the  bile-ducts,  where  it  obtains  its  reproductive  oigans,  and 

aSB^MesStheaIommIn ' Li’ver-fluke,  other  species  of  Distoma  (D.  f*ww«w 

Order  Turbellaria.-Z^/-/^  or  vermiform  non-parasitic 
Scolecids,  with  a  mouth  ami  alimentary  canal  and  sometimes  a 
body-cavity  ;  integument  ciliated.  Sexes  united  or  distinct.  1  he 
members  of  this  order  are  almost  all  aquatic,  and  are  all 
non-parasitic ;  thus  differing  entirely  from  the  annuals  which 
compose  the  two  preceding  orders.  Their  external  surface  is 
always  and  permanently  ciliated,  and  they  never  possess  e.t her 
suctorial  discs  or  a  circlet  of  cephalic  booklets.  A  water 
vascular  system”  is  present,  opening  externally  by  one  or  m°ie 
anertures  ^or  appearing  to  be  entirely  closed  in  the  adult  (Ai»- 
ST  The  alimentary  canal  is  embedded  in  the  parenchyma 
of  the  body  ( Planarida ),  or  is  freely  suspended  in  a  pern 
ceral  cavhty”  (Nemertida).  The  intestine  is  either  straight 
or  branched,  and  a  distinct  anal  aperture  may,  or  may  not, 
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be  present.  The  nervous  system  consists  of  a  pair  of 

supra-oesophageal  ganglia,  which  send  lateral  nerves  back¬ 
wards. 

I  he  Turbellana  are  divided  into  two  sections,  termed 
respectively  the  Pla?iarida 
and  the  jNemertida. 

Sub-order  I.  Planarida. 

— The  Planarians  (fig.  15 1) 
are  mostly  ovoid  or  ellipti¬ 
cal  in  shape,  flattened  and 
soft-bodied.  They  are  for 
the  most  part  aquatic  in 
their  habits,  occurring  in 
fresh  water,  or  on  the  sea¬ 
shore,  but  occasionally  found 
in  moist  earth.  The  integu¬ 
ment  is  abundantly  provid¬ 
ed  with  vibratile  cilia,  which 
subserve  locomotion,  and  it 
also  contains  numerous  cells, 
which  are  in  many  respects 
very  similar  to  the  “cnidse,” 
or  nettle-cells,  of  the  Ccelen- 
terata.  There  is  always  a 
considerable  portion  of  the 
body  situated  in  front  of  the 
mouth,  constituting  the  so- 
called  “  prae-oral  region,”  or 
“  prostomium  ” ;  and  this  is 
often  modified  into  a  singu¬ 
lar  protrusible  and  retractile 
organ  called  the  “probos¬ 
cis.  1  he  mouth  opens 

into  a  muscular  pharynx,  Fig.  i5i.-One  of  the  Planarian  Worms  (Lei- 
which  IS  often  evertible  •  nnrl  naf>'einellaris),  enlarged,  o  .Mouth  ;  pr 

the  inl-ptMine  rn  1  ’■  1  Proboscis;  ^  The  principal  nerve-ganglion, 

ine  intestine  may  be  either  placed  in  the  anterior  part  of  the  body,  and 

Straight  or  hrinrhprl  hi,!  S>y‘ng  off  numerous  radiating  branches  («)  ; 

6  rancnea,  but  al-  p  Penis  ;  vd,  Vas  deferens  ;  vs  Vesicula  sem- 

Ways  terminates  Ctecally  be-  mails ;  am  (Opening  of  male  reproductive  or- 

hind  and  ic  •  i  ,  ?^ns,  ’  ^ .  restls  ;  Ovary  ;  u  Uterus,  partly 

.  ?  ‘  Clever  provided  filled  with  eggs ;  of  Opening  of  the  female 

with  an  anal  aperture  Th*  rePr°ductive  organs  ;  rs  Receptaculum  sem- 

“  water  -  vascular  system  ”  ‘mS '  Albuminiparous  gla"d' 

aperturesCateriiplt[1  th^  ^xterior  two  or  more  contractile 
j ■  ,  ,  ,e  ja°d-l  lanarians  ( Geoplanidcc )  have  the  or- 

t!Zl  bcr“ted  vascular  sys.'en,  replaced  by  two  nearly 
’  W^1C^  are  occupied  by  spongy  tissue,  and 
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are  not  certainly  known  to  communicate  with  the  exterior. 
The  nervous  system  consists  of  two  ganglia,  situated  in 
front  of  the  mouth,  united  by  a  commissure,  and  giving  off 
filaments  in  various  directions.  Pigment-spots,  or  rudimen¬ 
tary  eyes,  from  two  to  sixteen  in  number,  are  often  pres¬ 
ent,  and  are  always  placed  in  the  prae-oral  region  of  the 
body.  The  male  and  female  organs  are  united  in  the  same 
individual,  and  the  process  of  reproduction  may  be  either 
sexual,  by  means  of  true  ova,  or  non-sexual,  by  internal  gem¬ 
mation  or  transverse  fission.  Development  may  be  direct,  or 
there  may  be  a  marked  metamorphosis. 

The  Planarians  have  been  divided  into  two  sections,  as 
follows  : — 

Section  A.  Rhabdoccela.—  Intestine  straight,  not  branched  ; 
body  elongated,  rounded,  or  oval. 

Section  B.  Dendroccela.— Intestine  branched  or  arbores¬ 
cent  ;  body  flat  and  broad. 

Sub-order  II.  Nemertida.— ' The  Nemertida ,  or  “Ribbon- 
worms,”  agree  in  most  essential  respects  with  the  Plananda. 
They  are  distinguished,  however,  by  their  elongated,  vermi¬ 
form  shape,  by  the  presence  of  a  distinct  anus,  by  the  posses¬ 
sion  of  a  distinct  perivisceral  cavity,  by  the  presence  ot  a 
closed  system  of  “  pseudohsemal  ’  vessels,  and  by  the  tact  that 
the  sexes  are  generally  distinct.  1  he  external  suiface  ot  the 
body  is  richly  ciliated,  and  is  underlaid  by  a  thick  glandular 
cutis,  beneath  which  are  well-developed  subcutaneous  muscles. 
The  digestive  canal  is  ciliated  internally,  and  consists  of  a 
muscular  gullet,  a  sacculated  stomach,  and  an  intestine  with 
a  distinct  anus.  In  Pelagonemertes  (fig.  153)  the  alimentary 
canal  is  branched,  as  in  many  Planarians.  1  he  nervous  system 
consists  of  two  large  cephalic  ganglia,  united  by  a  double  com¬ 
missure,  and  sending  lateral  cords  backwards.  1  he  so-called 
“circulatory  system”  (“ pseudohaemal ”  system)  is  composed 
of  closed  contractile  vessels,  sometimes  containing  a  corpus- 
culated  fluid.  In  a  few  forms  (as  in  Tetrastemma)  there  may 
be  water  -  vessels  in  addition  to  the  pseudohsemal  vessels. 
“  Along  the  median  line  of  the  dorsum  lies  a  special  muscular 
sheath,  containing  a  complicated  proboscis,  and  a  highly  01- 
rranised  corpuscular  fluid,  both  the  sheath  and  the  proboscis 
passing  between  the  commissures  of  the  ganglia  in  iront 
(MTntosh).  The  evertible  and  muscular  sheath  of  the  pro¬ 
boscis  may  be  as  long  as  the  whole  body,  and  the  extremity 
of  the  latter  may  or  may  not  be  protected  by  one  or  more 
spines  (fig.  152).  The  sexes  are  mostly  in  separate  individuals, 
and  the  generative  organs  have  the  form  of  sacs  placed  between 
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the  muscular  walls  of  the  bodv  and  the 
discharging  their  contents  by  lateral  pores. 


digestive  canal,  and 


As  regards  the  development  of  the  Nemerteans,  there  may  or  may  not 
be  a  metamorphoses. ,  In  some  forms,  the  egg  gives  rise  to  a  helmet-shaped 
ci  lated  piovisional  larva,  which  was  originally  described  under  the  name 


0 


Fig. 

!S2.  —  Morphology  of 
Nemertida.  Prorhyn- 
chus  Jluviatilis  :  a 

Mouth  ;  c  Ciliated 
grooves  (sense-organs  ?)  ; 
r  Spine,  attached  behind' 
to  (/>)  the  sac  of  the  pro- 
boscis  ;  op  Gullet ;  g  Gas- 
trie  glands;  1  Intestine; 
ov  Ovary'.  The  proboscis 
in  this  form  is  very  small. 
(After  Gegenbaur. ) 


/ ' 1  •  ^eme/tiaa.  Pelagonemertes  Rol- 
lestoni  a  pelagic  Nemertid,  viewed  from  the 
ventral  surface.  /  Proboscis,  partially  pro¬ 
truded  ;  in  Opening  of  the  mouth  ;  i  Ali- 
mentary  camd,  with  its  lateral  diverticula, 
shaded  darkly;  slhe  sheath  of  the  probos¬ 
cis,  more  lightly  shaded;  n  „  The  nerve- 
ganglia  placed  one  on  each  side  of  the  mouth, 
and  each  giving  off  a  long  lateral  and  back- 
wai  dly-  directed  branch,  external  to  which, 
on  each  side,  is  a  row  of  ovaries  (0).  (After 


blyoof  the  EcSnS  ‘S  lrV?any  respects  simila*' t0  the  ciliated  pseudem- 
the^nte rior  of  Z  V**  £TB  Nemertine  is  ultimately  produced  in 

which  crows  ro  n/ f  7  l.he  formation  °f  a  mass  of  formative  matter 
finally  ^  ^  ^ 


I  be  Nemerteans  are  mostly  marine  in  their  distribution,  a 
few  forms  inhabiting  fresh  water,  and  two  (the  Tetrastennna 
Bermudas  and  Philippine  Islands)  being  found  in  moist 
places  on  land.  I  hey  are  found  from  the  Arctic  seas  to  the 
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equator,  most  of  them  being  littoral  in  their  habits,  though 
some  live  at  considerable  depths.  Some  forms  (like  the  leech¬ 
like  Malacobdella)  are  parasitic  on  Crustaceans  or  Molluscs. 
Recently,  Professor  Moseley  has  described  a  peculiar  group 
of  Nemertenns  under  the  name  of  P 'elagone mertidce.  v. Inch  are 
pelagic  in  their  habits.  These  oceanic  forms  (fig.  153)  have  a 
broad,  gelatinous,  flattened  body,  and  a  ramified  digestive  tract, 
and  thus  make  a  near  approach  to  the  dendroccelous  Plan- 
arians.  No  certain  remains  of  Nemertids  are  known  to  occur 
in  the  fossil  state,  though  some  obscure  remains  have  been 
referred  to  this  group. 


Enteropneusta.— Allied  on  the  one  hand  to  the  Echinoderms,  and  on 
the  other  hand  to  the  Worms,  is  the  singular  genus  Balanoglossus,  lor 
which  the  group  of  the  Enteropneusta  has  been  founded.  1  he  species  o 
Balanoglossus  burrow  in  the  sand  of  the  sea-bottom,  extending  their  range 
to  2^00  fathoms  in  depth.  The  body  in  this  genus  is  worm-like  and 
terminates  anteriorly  in  a  muscular  collar,  in  front  of  which  is  a  larg 
protrusible  hollow  proboscis.  The  external  integument  is  ciliated,  as  in 
the  Nemerteans,  and  there  are  no  setiform  organs  of  locomotion,  such  as 
are  found  in  so  many  Annelides.  The  mouth  opens  ventrally  at  the  point 
where  the  collar  and  proboscis  join,  and  leads  into  a  pharynx,  the  upper 
part  of  which  is  specially  modified  to  serve  as  a  respiratory  organ  i  his 
portion  of  the  pharynx  has  its  walls  supported  by  a  chitinous  framework,  with 
intervening  ciliated  apertures,  from  which  the  water  taken  in  at  the  mouth 
passes  out  into  a  series  of  chambers,  which  in  turn  communicate  with  the 
exterior  by  a  row  of  dorso-lateral  slits  on  each  side.  A  pseudohtemal 
system  of  vessels  is  present,  and  the  sexes  are  m  different  individuals  The 
larva  of  Balanoglossus  in  many  respects  resembles  the  pseudembryo  of  some 
of  the  Echinoderms,  and  was  originally  described  by  Muller  as  the  young  of 
a  Star-fish,  under  the  name  of  Tornaria.  The  larva  is,  however,  developed 
into  the  adult  by  a  rapid  change,  not  accompanied  by  any  absorption,  or 
casting  off,  of  any  portion  of  the  former.  As  regards  its  respiratory  oigans, 
Balanoglossus  shows  some  interesting  resemblances  to  the  Tumcates  ;  and 
Bateson  has  shown  that  it  has  also  some  points  of  relationship  with  the 
Lancelet  ( Amphioxus ). 


CHAPTER  XXII I. 


NEMA  T ELM  I  A . 

1.  Acanthocephala.  2.  Gordiacea.  3.  Nematoda. 

Division  II.  Nematelmia. — This  section  may  be  considered 
as  comprising  those  Scolecids  in  which  the  body  has  an  elon¬ 
gated  and  cylindrical  shape.  Most  of  the  Nematelmia  posses. 
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an  annulated  integument ;  but  there  is  no  true  segmentation, 
and  there  are  rarely  any  locomotive  appendages  attached  to 
the  body.  The  majority  are  unisexual,  and  parasitic  during 
the  whole  or  a  part  of  their  existence.  Three  orders  are 
comprised  in  this  division— viz.,  the  Acanthocephala ,  the  Gor- 
diacea,  and  the  Nematoda. 

Order  I.  Acanthocephala.—  Vermiform  internal  parasites , 
without  mouth  or  alimentary  canal ,  and  having  an  anterior  pro- 
trusible  proboscis  armed  s with  recurved  hooks.  Sexes  distinct. 

1  lie  Acanthocephala  are  entirely  parasitic,  vermiform  in 
shape,  and  devoid  of  any  mouth  or  alimentary  canal.  The 
front  end  of  the  body  (figs.  154  and 
155)  is  developed  into  a  retractile 


proboscis,  which  is  covered  with 
transverse  rows  of  recurved  hooks, 


and  by  means  of  which  the  parasite 
attaches  itself  to  the  wall  of  the  in¬ 
testine  of  its  host.  The  integument 
(c  c)  is  highly  muscular,  and  the  pro¬ 
boscis  is  contained  within  a  strong 
muscular  sheath,  and  can  be  re¬ 
tracted  by  special  muscular  bands 
(m  m).  At  the  base  of  the  proboscis 
is  placed  a  single  nervous  ganglion, 
and  its  hinder  extremity  is  prolonged 
into  /,  the  so-called  “  ligamentum 
suspensorium,”  a  fibrous  band,  which 


supports  the  generative  organs.  The 


sexes  are  in  different  individuals. 
The  water-vascular  (?)  system  is  in 
the  form  of  subcutaneous  reticulated 
canals  which  are  connected  with  two 
saccular  organs  or  “  lemnisci  ”  (h  h), 
placed  on  each  side  of  the  base  of 
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testines  of  fishes,  birds,  or  Mammals,  and  they  pass  through 
a  metamorphosis.  The  eggs  are  swallowed  by  Crustaceans 
or  insects,  and  give  exit  to  free  vermiform  embryos,  armed 
with  hooks.  These  burrow  out  of  the  intestine  of  their  host 
and  encyst  themselves  in  its  tissues,  not  becoming  finally 
developed  till  their  bearers  may  be  eaten  by  some  vertebrate 

animal.  Thus,  the  embryos  t 
of  Echinorhynchus  gigas  of 
the  pig  inhabit  the  larvse  of 
the  cockchafer ;  whilst  those 
of  E.  angustatus,  of  Cypri- 
noid  fishes,  live  in  the  in¬ 
terior  of  fresh-water  Crusta¬ 
ceans. 

Order  II.  Gordiacea. — 
Vermiform  Scolecida,  para¬ 
sitic  in  insects  during  a  por¬ 
tion  of  their  existence.  An 
imperfectly  developed  alimen¬ 
tary  canal ,  or  none.  iVater- 
vascular  system  rudimentary 
or  absent.  Sexes  distinct. 

The  Gordiacea,  or  “  Hair¬ 
worms,”  are  thread-like  Sco- 
lecids,  often  singularly  like 
hairs  in  appearance  (fig. 
156),  which  live  in  the  in¬ 
terior  of  various  insects  dur¬ 
ing  part  of  their  life.  The 
digestive  system  is  imper¬ 
fect,  an  anal  aperture  being 
universally  wanting.  In 
Mermis ,  the  gullet  ends  in  a  blind  sac ;  in  Gordius,  the 
digestive  tube  opens  into  the  body-cavity ;  and  in  Sphceiu- 
laria,  the  mouth  appears  to  be  wanting.  1  he  sexes  are  in 
different  individuals.  In  Gordius  itself,  the  embryo  (fig.  150, 
B)  is  free  and  aquatic,  having  a  retractile  snout  armed  with 
booklets,  by  means  of  which  it,  after  a  time,  bores  its  way 
into  the  tissues  of  some  water-insect,  in  which  it  encysts  itself. 
The  sexually-mature  worms  are  found  in  the  interior  of  U>- 
thoptera  or  Neuroptera  ;  but  they  leave  their  hosts  and  betake 
themselves  again  to  an  aquatic  existence  for  the  purpose  of 
laving  their  eggs.  The  adult  Mermis  is  found  principally  in 
Lepidoptera  ;  whilst  Spharularia  inhabits  the  body-cavity  of 


t'ig.  155. — Acanthocephala.  A,  Echinorhyn- 
elms  gigas,  slightly  enlarged  ;  B,  Head  of 
the  same,  still  further  enlarged. 
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Bumble-bees.  A  form  of  the  Gordiacea  has  also  been  found 
at  great  depths  in  the  ocean, 
coiled  up  beneath  the  carapace 
of  shrimps  (Willemoes-Suhm). 

The  common  Hair-worm  ( Gordius 
aquations,  fig.  156),  is  found  in  ponds 
and  rivers  in  Europe  and  North  America 
and  may  be  two  or  three  feet  long  when 
fully  mature.  It  sometimes  occurs  in 
great  numbers,  inextricably  coiled  to¬ 
gether,  and  may  be  found  in  moist  earth 
as  well  as  in  water.  The  adult  worm  is 
also  found  coiled  up  round  the  intestine 
of  Ground-beetles  or  Grasshoppers.  The 
eggs  are  white,  and  are  deposited  in 
long  chains  in  water.  The  embryo  is  at 
first  free  and  locomotive,  with  three  pairs 
of  cephalic  hooklets,  a  well-developed 
alimentary  canal,  and  a  protrusible  pro¬ 
boscis.  _  The  larva,  thus  armed,  makes 
its  way  into  the  larvae  of  water-insects, 
in  which  it  encysts  itself.  Should  the 
insect  -  larvae  thus  infested  be  eaten  by 
a  fish,  the  young  Hair-worm  bores  into 
the  intestinal  wall  of  the  latter,  and  again 
encysts  itself.  After  a  prolonged  period 

I-arVa  b0reS  out  of  its  Fif:  156— Gordiacea.  A,  A  small  in- 
)  into .  the  intestine  of  the  fish,  and  dividual  of  Gordius  aquatints ,  of 
escapes  with  the  faces  into  the  surround-  naUEal  slze-  B>  Larva  of  Go,-. 

£  MS, *  — 1  tsgttSMES 


aa7odyacavitya1,  ***/ 
find,  or  rarely  united.  J  oody-cavity ;  sexes  dis- 

“RotS™?  a„7P;r,Veire™  Ca"Cd  “Th™d™s”  and 
founded  and  worm  "taped' '7'y’  P°feSS  a 
length.  The  cuticle  il  ru,v  y  *57),  sometimes  of  great 
genenllv  o  r  r  chitinous  and  porous:  and  there  is 

ex," ?  1 Yhe £ ^'mentr11111"?011’  th0U^h  110  true  segmentation 

Wnganterinr  and  f  wel1  de«l»Ped,  the  mouth 

Them, Her  °’  and  usually  furnished  with  papillae  (fig  icS  e) 

0r  “Pharynx^)"  from  whiT™1^  (the  so'calle"1  g^zard 

sdr*.  r-wast* = 
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system,  composed  of  two  lateral  tubes,  which  open  on  the 
surface  by  a  ventrally-placed  pore.  The  nervous  system  is  in 

the  form  of  a  ganglionic  ring,  sur¬ 
rounding  the  gullet,  and  sending 
filaments  backwards  and  forwards. 
The  sexes  are  mostly  distinct,  the 
external  openings  of  the  reproduc¬ 
tive  organs  being  placed  near  the 
anus  in  the  males,  but  usually  to¬ 
wards  the  centre  of  the  ventral  sur¬ 
face  in  the  females.  The  males 
are  usually  less  frequently  met  with 
and  of  smaller  size  than  the  fe¬ 
males,  and  they  possess  a  single 
or  double  spicular  penis  (fig.  15S, 
l>).  Metamorphosis  may  or  may 
not  occur  during  development. 

As  before  said,  most  of  the  d\re- 
matoda  are  internal  parasites,  in¬ 
habiting  the  alimentary  canal,  the 
pulmonary  tubes,  the  blood,  or  the 
areolar  tissue,  in  man  and  in  many 
other  vertebrate  animals ;  but  a 
large  section  of  the  order  are  of 
a  permanently  free  habit  of  exist¬ 
ence. 

Amongst  the  more  important 
members  of  the  parasitic  section 
of  the  Nematoda  may  be  men¬ 
tioned  the  Ascaris  Iumbricoides,  the 
Oxyuris  vermicularis ,  tire  Tncho- 
cephalus  dispar,  the  Sc/erostoma 
duodenale ,  the  Dracunciilus  medin- 
e/isis,  and  the  Trichina  spiralis. 


Pig.  157. — Nematoda.  A,  Rhabciitis 
bioculata,  female,  enlarged.  11, 
Portion  of  the  alimentary  tract  of 
Oxyuris  vermicularis ,  enlarged. 
g  Gullet ;  v  Muscular  gizzard  (or 
pharynx)  ;  s  Chylific  _  stomach,  or 
anterior  end  of  the  intestine  (/) , 
o  o  Ovaries  ;  p  Genital  pore. 


The  Ascaris  Iumbricoides ,  or  Common 
Round  -  worm,  inhabits  the  intestine  of 
man,  and  sometimes  of  other  Mammals, 
especially  the  pig,  often  attaining  a  length 
of  several  inches.  The  ova  are  expelled 
with  the  fasces,  and  the  embryo  is  devel¬ 
oped  within  the  ovum  prior  to  its  rupture, 
but  not  till  after  the  lapse  of  several  months  (fig.  15S,  </).  Alien  fully  formed, 
the  embryo  is  about  one-hundredth  of  an  inch  in  length,  and  its  development 
is  not  exactly  known,  though  it  appears  to  be  directly  transferred  from  river 
or  pond  water  to  the  alimentary  canal  of  its  host.  The  body  of  the  adult 
(fig  icS  a)  is  cylindrical,  attenuated  at  both  extremities.  At  the  anterior 
extremity  is  a  subtriangular  mouth,  surrounded  by  three  tubercles  (hg. 
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15S,  c)  The  anus  is  situated  posteriorly.  The  females  are  lamer  than 
the  males,  and  are  much  more  numerous.  These  parasites  are  much  more 
common  in  children  than  in  adults,  and  they  often  occur  in  cSeSble 
numbers.  They  arc  usually  found  in  the  small  intestine,  though  they  some¬ 
times  wander  into  other  situations.  **  y  so  e 

The  Oxyuris  vermicularis,  or  ‘‘Small  Thread-worm”  (fig.  158  e  f  „) 


IS'{HindeJ0extem1tyy0ofItheasa0me  withTh"’"  l?m?ricoideh  male>  reduced  in  size; 

tSSZ  T "Ovum 

diameters  ;  i  Embryos  of  the  saw  LniWfi  7  Dracunculus ,  magnified  500 

high'y’  magnified-  VhiTflTafief  ieucfinr ^ 


ft  U  Yhe  Smallest °of1’theh'1Ct1  ‘nha,bits  lhe  r®clum,  especially  of  children, 
^ing  more  tha  fa L  frt  mtef nal  wo™s  of  man,  its  average  length  not 
‘ban  the  males.  q  *  °f  an  lnch>  but  tlle  females  are  much  bigger 

anl^a^oTw^iSi^r  in£abits1thf  CKCllm  of  man.  It  is  from  one 

*  extremely  attenuated  and  tlwead-hke  *  anten°r  two’lhil'ds  of  the  bod>’ 

human  subSidiJffr’  inhabits  the  small  intestine  in  the 

in  lenmh  (l,  b  C  JS.  ,  from  uncommon  in  Italy  and  in  Enynt.  It  varies 
largest  •  and^he^  *  °(  a”  'ncb  10  ba*f  an  incb>  tbe  females  being  the 

character  C  Sympt0ms  to  which  it  gives  rise  are  often  of  a  serious 
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The  Trichina  spiralis  is  a  singular  Nematoid,  which  gives  rise  to  a  pain¬ 
ful  and  not  uncommonly  fatal  train  of  symptoms,  somewhat  resembling 
rheumatic  fever.  The  Trichina  is  known  in  two  different  conditions, 
sexually  immature  or  mature.  In  its  sexually  immature  condition  it 
inhabits  the  muscles,  usually  of  the  pig  (the  rat,  however,  being  apparently 
its  true  host),  in  vast  numbers,  each  worm  (fig.  158,  /)  being  coiled  up  in 
a  little  capsule  or  cyst.  In  this  condition  the  worm  is  incapable  of  further 
development,  and  may  remain  for  a  long  period  without  change,  and  with¬ 
out  seeming  to  produce  any  injurious  results  to  the  animal  affected.  In 
course  of  time  the  muscle-  Trichina  appears  to  degenerate  and  die,  owing 
to  the  ultimate  calcification  of  the  wall  of  the  enveloping  cyst.  If,  however, 
a  portion  of  trichinatous  muscle  be  eaten  by  a  warm-blooded  Vertebrate, 
and  so  introduced  into  the  alimentary  canal,  an  immediate  development  of 
young  Trichinae  is  the  result.  The  immature  worms  escape  from  their 
enveloping  cysts,  grow  larger,  develop  sexual  organs,  and  give  birth  to  a 

numerous  progeny,  which  they  produce  vivi- 
parously.  The  young  Trichina  thus  pro¬ 
duced  perforate  the  walls  of  the  alimentary 
canal,  and,  after  working  their  way  amongst 
the  muscles,  become  encysted.  If  the  ani¬ 
mal  in  which  these  changes  go  on  has  suffi¬ 
cient  vitality  to  bear  up  under  the  severe 
symptoms  which  are  produced  by  the  migra¬ 
tion  of  the  Trichina,  he  is  now  safe ;  since 
they  cannot  become  sexually  mature,  or  de¬ 
velop  themselves  further,  until  again  trans¬ 
ferred  to  the  alimentary  canal  of  some  other 
animal.  The  female  Trichina  is  about  yffo- 
of  an  inch  in  length,  and  the  male  about  half 
as  long. 

The  Guinea -worm  ( Dracunculus  or  Fil- 
aria  medinensis)  is  a  Nematode  worm,  which 
inhabits,  during  one  stage  of  its  existence, 
the  cellular  tissue  of  the  human  body,  gen¬ 
erally  attacking  the  legs,  and  often  attain¬ 
ing  a  length  of  several  feet.  All  known 
specimens  of  this  parasite  are  impregnated 
females,  containing  a  large  number  of  young. 
The  worm  remains  embedded  in  the  body, 
in  a  more  or  less  quiescent  condition,  for  a 
year,  less  or  more,  at  the  end  of  which  time 
it  seeks  the  surface,  in  order  to  get  rid  of  its 
young.  No  external  aperture  to  the  genital 
organs  has  hitherto  been  proved  to  exist, 
and  it  seems  possible  that  the  young  are 
produced  within  the  body  of  the  parent  by 
a  process  of  internal  gemmation.  The  young 
Filaria  (fig.  158,  h  and  i)  consists  of  a  ver¬ 
miform  body,  terminating  in  a  hair-like  tail  ; 
and  when  set  free  from  the  parent,  its  further 
development  probably  takes  place  in  water, 
when  it  has  been  shown  to  pass  into  the 
body  of  fresh-water  Crustaceans  (Cyclops).  Whether  it  is  swallowed  in  this 
condition  by  man,  in  drinking  water  ;  or  whether  it  has  a  free  stage,  in 
which  sexual  organs  are  developed  and  impregnation  of  the  females  effected, 
k  ill  on  mipn  nuestion.  The  Guinea-worm  is  only  known  to  occur  within 


A  r  B 

Fig.  159.— Free  Nematoids.  A, 
A nguillula  aceti B,  Dory - 
lain  1  us  stagnalis.  Magnified. 
(After  Bastian.) 
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the  intertropical  regions  of  both  the  Old  and  New  1  1  • 

abundant  in  Africa;  Persia,  and  India  '  a'Kl  ,S  eSpecial|y 

and  they  may  or  may  not  <dve  rise bv Si!™’  °therS  appear  f°  be  mature- 
symptoms.  The  origin  of  these  iv?  1  Pie^n?e  \°  appreciable  morbid 
mode  in  which  th^ l.Scrf  M"r|d'Ve,0pr’.ent-  “,1  *• 

most  part,  still  shrouded  in  obscuritv  Th  bIooc1>  are  subjects,  for  the 
Filana  sanguinis-hvninF  which  S' i  J,  ?  T*  ^^ble  species  is  the 
of  man  in  intertropical  region  ■  it  *  natuie  state  inhabits  the  blood 
with  chyluria,  hmmaturia,  a"nd  ofher  SldCSftSSSs?<>,Iim0nIy  aSS°dated 

anytime  parashk^but^S  '!hicb  are  llot  ^ 

or  the  sea  ThevTese.nble  ^  ’7  deScr'bed>  mostly  inhabiting  fresh  water 
features  of  their  anatomy  but  thev  ^diffh'  'C  *  .;mat°ids  >n  all  the  essential 
or  rudimentary  eves  in  beiim  mostlv  L’1  ln]ofJen.Possesslng  pigment-spots, 
in  bringing  forth  comparat  feK  f^7  P’0Vldcd  Wlth  a  terminal  sucker,  and 
the  young"  are  exposed  bdnt  Zrh']  ?me.;  th«  danSe«  to  which 
Amongst  the  more  fapdliar  f  l  W  t  v,  than,  in  the  parasitic  forms. 
lula  aceti,  fig.  )  g  A  t  r^S;re:!!fVineS»'  Eel  (Anguil- 
duces  a  sort  of  excrescence  or  mil  ,1  lUS  [01  Vlbrl°)  tritici,  which  pro¬ 
disease  known  to  farmm^as  the  ^Purples,  ’  or  ^  ^ 

“teg'but  ™SasioT"lhaS  l0,ng 

»i»al  S’olZ  ‘hat  '•„«  yLs  of  US 

of  the  frog  into  damp  earth  or  mud  th  ’  a  tei  Passing  from  the  intestine 
»  the  course  of  a  fe  “Zs  vvl  k?  8™, w  rapidly,  and  actually  develop 

ually  mature  animal  P  ’  .•IS  111  this  external  medium,  into  sex- 
fmm  their  paZit  Zsoon'ZZ61',1^  S?mewhat  in  external  ’characters 
certain  stage  of  development'  vd  I Z  them.’  and  these  attain  merely  a 
maturity  only  after  thev  In,  i  1  111  1  le  moist  earth,  arriving  at  sexual 

lung  o/the  fZg”  (fiStLan)  ^eTdiv^6^  a,e  e"SCoaced  -"he 

the  W  are  not  of  Z  individuals  which  are  found  in  the  Inn- 

have  the  power  however  of  d’  blU  a"  structurally  females.  They 
Perhaps  in  the  neiahhn  l  l,r?du.clllg  spermatozoa  in  the  ovaries  } 

^  ssa 


CHAPTER  XXIV. 

ROTIFERA. 

n  i  m  alcid  e  ■f” '  c  oi  ns  t  in  it  iur‘a)-  The  Rot  if  era,  or  “  Wheel- 

’  °nstltute  a  Peculiar  group  of  organisms,  which 
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may  be  regarded  as  forming  a  special  division  of  the  Scolecids, 
though  there  is  nothing  worm-like  about  their  general  appear- 

The  Rotifera  are  minute  animals,  rarely  parasitic,  inhabiting 
water  and  usually  provided  with  an  anterior  ciliated  disc,  capable 
of  inversion  and  eversion.  In  the  females  there  is  a  distinct  mouth, 
alimentary  canal,  and  anus.  A  nervous  system  is  also  present 
consisting  of  ganglia  situated  near  the  anterior  extremity  of  the 
body,  and  sending  filaments  backwards.  A  water-vascular  system 

is  also  present.  The  sexes  are  distinct.  _ 

Most  of  the  Rotifera  are  almost  or  quite  invisible  to  the 
naked  eye,  and  they  are  all  extremely  minute  none  of  them 
attaining  a  greater  length  than  ^th  of  an  inch.  1  hey  are  all 
aquatic  in  their  habits,  and  in  the  great  majority  of  cases  are 
free-swimming  animals,  some,  however  being  permanently 
fixed,  as  is  the  case  with  Stephanoceros ,  Melicerta  (tig.  160,  B), 


Fig 


,60. — Rotifera.  A.  Dbgrjo.Mjaiic  «  ■*£>**"  SStS'Sfi 

1!,  Melicerta  ringens.  (After  Go^e.) 


and  Floscularia.  They  are  usually  simp'e,  but  are  occasionally 
composite  forming  colonies,  as  in  Megalotrocha.  As  a  , 
the  male  and  female  Rotifera  differ  greatly  from  one  another, 
the  males  being  smaller'  than  the  fcma.es,  destitute  o  any 
masticatory  or  digestive  apparatus,  and  more  01  less  dose  > 


rotifera. 


291 


resembling  the  young  form  of  the  species  Tt. 

Sed^Xe l-orean  K7‘‘  Safd  °f  ^ 

ated  at  the  cepSc or  distal end  of  Ae  V'^5  sitl“ 

a  retractile  disc,  surrounded  byl  cue  et  of  dl^ldT^  °f 
in  action,  vibrate  so  ranidlv  «tn  ,  0  ,  wIllch,  when 

sion  that  the  entire  disc  is  rotating  ^  "  '"USOry  impres- 

invI^otldtayTe'cVcuhf  ^  7^7  °f  ”«**»  »d 

or  divided  into  several  lobes  '  t/6"1  orm»  bilobed,  four-lobed, 
motion  in  the  SZSt,  '  Serves  the  PmPose  of  loco- 
propeller  of  a  "ke  the 

currents  in  the  crater,  which 

there  is  „„  „« 

disposed  over  the  surface  of  the  body  The  °rv  /Ut  ^  Cllla  are  vanously 
Animalcules  have  no  jaws  and  have  the  vJt  <'heet?notl  or  Hairy-backed 
Wlth  cilia.  They  have  often been  placed  in  th’^6  ?f,he  ^  dothed 
-seem  to  be  good  reasons  for  regarding  them  ao  but  there 

«■>  4W*  J  .OSS  “  MKS£."f  K°“' 

externa,ly> a"d its 

been  called  the  ‘-  foot  ”  I„  L"h  J  constituting  what  has 

%  .«=,  B),  the  foot  is  not  rot  actUe  SS*"  “ 
disc  of  attachment.  On  the  other  hand  terminates  in  a 

the  “  foot  ”  is  more  or  less  rot  niost  free  Rotifers 

and  usually  ends  in  a  pair  nf  ?  e’  sometimes  telescopic, 
(%•  1 60,  A).  By  meanPs  of  T"S  Presses  or  «  toes  ” 
about,  or  can  fix  itself  tles5’  * le  animal  can  either  creep 

«h=  m^diumof  a  viscid  “Pc°r2ly  77  °b’“'s  “’rough 

“foot-glands.”  produced  by  the  so-called 

“no^n^h“h°Mnhden«nt^1  nde  0f  the  aliated  disc  is  the 

a  Pharynx,  which  is  surrounded  ' l,lK  ';al  " 

.  mastax.”  Within  the  ,-d-mv  ■  ,  a  muscular  covering  or 

ticatory  apparatus,  consLinressentiallv^f  5°™^ mas' 
structures  (“  mallei  ”1  on, l  &  ssentially  of  two  hammer-like 

ftthe  par(ts  of  which are setT ^  anvil-,iJ<e  piece  (“incus”)! 

Ihe  Pharynx  opens  by  a  short  ”  Ti0^0  by  ProPer  muscles, 
stomach,  with  which  are  connJtS1  If  "lto  a  slmPle  sac-like 
^presenting  a  liver  'Flm  int  f-  Sastnc  glands,”  possibly 
beh‘n<J  in  a  dilated  Hn  i  intestlnf  ls  short,  and  terminates 
common  outlet  of  the  digestive  ^  C,0aca>”  vvhich  forms  the 
systems,  and  opens  bit  f  Z  ’^T^’  ^  wate™cular 
he  commencement  of  the  «  foo?”***?  ™  aperture  at 

e  ,oot-  In  some  forms  (e  *■ 
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Asplanchna)  the  digestive  canal  ends  blindly;  while  the 
males,  as  before  remarked,  are  destitute  of  any  alimentary 

“The  so-called  “water-vascular”  system  consists  of  two  lat- 
eral  tubes  (sometimes  called  the  “  respiratory  tubes  ),  which 
are  filled  with  a  watery  fluid,  and  carry  on  their  sides  a  series 
of  ovate  or  pyriform,  internally-cihated  vesicles  or  short  tubes. 
These  open  ^ into  the  body-cavity  by  means  of  their  funnel- 
shaped  ciliated  extremities.  The  two  lateral  canals  generally 
onen  into  a  so-called  “contractile  bladder,  which  exhibits 
rhythmical  contractions  and  dilatations,  and  which  opens  into 
the  cloaca.  This  peculiar  system  of  vessels  has  been  coi  - 
1  pared  with  the  “  segmental  organs 

of  Annelides,  and  is  usually  belie\  ed 
to  be  excretory  in  function. 

There  is  no  proper  vascular  sys¬ 
tem,  nor  are  definite  respiratory 
organs  developed;  but  the  perivis¬ 
ceral  cavity  is  filled  with  a  coipus- 
culated  fluid,  corresponding  with  the 
blood  of  the  higher  animals. 

The  nervous  system  is  in  the  form 
of  a  usually  bilobed  “  cerebral 
ganglion,  placed  dorsallv  above  the 
oesophagus,  and  of  relatively  re¬ 
markably  large  size.  Closely  con¬ 
nected  with  the  central  mass  of  the 
nervous  system  is  an  unpaired  or 
paired  pigment  -  spot,  which  is  an 
organ  of  vision.  Other  sense-organs, 
probably  tactile,  are  often  present, 
in  the  form  of  two  knobs  surmounted 
by  bristles,  and  placed  at  the  back  of 
the  head. 

The  male  reproductive  organs  con¬ 
sist  of  a  sac-like  testis,  which  opens 
posteriorly.  The  female  reproduc¬ 
tive  organs  consist  ot  a  large  ovary, 
the  duct  of  which  opens  into  the 
cloaca.  The  ova  which  are  pro¬ 
duced  in  autumn  (“winter- eggs  ) 
have  thick  shells,  and  are  fertilised 

parthenogenetically. 


Fic  161. — Rotifera.  Eosplwra  an- 
rita,  one  of  the  Wheel-animal- 
cules.  Enlarged  about  250  dia 
meters.  (After  Gosse.) 
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Of  Ehrenberg)  ®  hF  ^  .No\ommatina  Wydatima 

free,  and  are  never  combined  into  colomvl  1  Mni.r?aI?  are  a11  permanently 
and  tlie  body  is  never  encased  in  a  tube  ’  "  ”  C  16  Inte£ument  is  flexible, 

encfflrn,S;:,oS^£'S;Tthe  0"’e'  H«d,  and  ale 

«*•  '*°t  W  inSr,“  St “h  “h“hCr» 

means  of  a  special  organ  for  the  in  *  £  ?a  fomis  for  itse]f  by 

are  protected  by  a  stiff  shell,  or  “  l01°ca  ”  11  Polycirt^a  and  Triart  hr  a 

In  Polyarthra  there  are  pncifn™,  c"  ■  ■ 
shelly  tubercles,  and  ra”3  bv  '“"Jf  ‘aT'  bo<Il'  br 

•are  considered  by  Mr  Go=se  in  iJ  i  muscles.  These  natatory  organs 

of  the  Arthropod!.  Locomotive  ^eS«  ^  T*  the  articulated  limbs 
and  Pedal  ion.  appendages  are  also  present  in  Triarthra 

well" and  stomach  are 
the. centre  of  the  body. cavity,"  bti,  S,f  *  ■» 

in  wh'chThT  Wy‘'Sl’S^5rIr“‘tly’s!^^SJeS5jnth,i""te  mari”,t  0rC"™.S 
anterior  segment  of  the  body  is  furnished  wirb  t  Tf  are  n°  llnlbs'  Hie 
protrusible  proboscis.  The  Mentis  former  n  r  ,  hooklets>  and  constitutes  a 
the  higher  Annulosa.  R  f°lms  a  hnk  between  the  Scolecids  and 

almost  world-wide  ran^e^Th e”  the  Rotifera  have  an 

« m.wi,nvenr for,m 
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the  typical  members  of  the  division,  consists  of  a  ventrally- 
placed  double  chain  of  ganglia,  one  pair  of  ganglia  correspond¬ 
ing  with  each  segment,  the  anterior  pair  being  placed  above 
the  gullet,  and  all  being  united  by  longitudinal  commissures. 
Lateral  locomotive  appendages  are  usually  present,  but  are  not 
composed  of  successive  joints,  nor  are  articulated  to  the  body. 
A  true  blood-vascular  system  is  not  developed  ;  but  there  is 
usually  a  closed  system  of  “  pseudoluemal  ”  vessels. 

Gephyrea. 

Class  I.  Gephyrea  —  (Sipunculoidea). —  Vermiform  marine 
animals ,  without  distinct  external  segmentation ,  and  destitute  of 
lateral  appendages  ( with  the  occasional  exception  of  bristles). 
There  is  a  single,  non-ganglionated  ventral  nerve-cord,  connected 
by  commissures  with  a  supra-cesophageal  ganglion.  A  pseudo- 
hcemal  system  of  vessels  is  present,  and  the  sexes  are  distinct. 

The  members  of  this  class  are  generally  known  as  “  Spoon- 
worms,”  and  they  form  a  connecting  link  between  the  Echino- 
derms’and  the  Annelides.  The  body  in  the  Spoon-worms  is 


Fig-  ,g2 Gephyrea.  Siftnnculus  in, liens,  of  the  natural  size.  (  After  Keferstein.) 

worm-like,  and  the  integument  may  be  more  or  less  ringed, 
though  definite  segmentation  does  not  occur.  In  some  cases 
the  skin  is  furnished  with  bristles  (as  in  Echiurus)  -,  while  in 
Chcetoderma  the  integument  develops  calcareous  spines.  1  He 
outer  layer  of  the  skin  is  chitinous,  and  is  underlaid  by  a 
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The  nervous  system  consists  of  a  cere- 
ra  ganglion,  sometimes  connected  with 
vye-spots,  a  pharyngeal  nerve-collar,  and 
an  unpaired  ventral  cord,  which,  thou-h 
mostly  covered  with  nerve -cells  has  no 
distinct  ganglia  developed  upon  it. 
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rant  Phoronis  the  larva  was  originally  described  under  the 
name  of  Actinotrocha.  It  is  distinguished  by  the  possession 
of  an  oblique  ring  of  ciliated  tentacles  placed  behind  the 
mouth. 

The  Gephyrea  are  all  inhabitants  of  the  sea,  living  mostly  in 
sand  or  mud,  or  in  crevices  in  the  rocks,  sometimes  protect¬ 
ing  themselves  within  the  empty  shells  of  Molluscs,  or  secret¬ 
ing  a  chitinous  tube.  In  some  forms  such  as  Echiurus  and 
Sternaspis  ( Gephyrea  chcetifera),  there  are  two  ventral  setie, 
and  sometimes  rings  of  bristles  at  the  hinder  end  ot  the  body. 
In  other  forms,  such  as  Sipunculus  and  Priapulus  ( Gephyrea 
achceta),  the  skin  is  destitute  of  bristles.  Lastly,  a  third  group 
( Tubicola)  includes  the  singular  genus  Phoronis ,  in  which  the 
body  is  protected  by  a  chitinous  tube,  and  the  mouth  is  sur¬ 
rounded  by  a  horse-shoe-shaped  circlet  ot  tentacles. 

Myzostomida. 

Class  II.  Myzostomida. — This  class  comprises  only  certain  small, 
symmetrical,  unsegmented  animals,  with  a  more  or  less  discoidal  body, 
which  carries  on  its  ventral  surface  five  pairs  of  unsegmented  movable 
feet  (“  parapodia  ”),  each  of  which  has  a  hook  for  grasping.  The  alimen¬ 
tary  canal  has  both  an  oral  and  an  anal  aperture,  and  the  stomach  is 
usually  branched.  The  ova  are  liberated  through  the  anus.  The  sexes  aie 
usually  united  in  the  same  individual,  though  this  is  not  invariably  the 
case.  The  nervous  system  has  the  form  of  a  ventral  ganglion  situated 
below  the  intestine,  which  is  connected  with  a  pharyngeal  nerve-collar  in 
front,  but  the  latter  is  without  supra-oesophageal  ganglia.  There  are  no 
circulatory,  respiratory,  nor  excretory  organs. 

The  principal  genus  contained  in  this  group  is  Myzostoma,  comprising 
small  discoid  animals,  which  are  parasitic  on  and  in  Crinoids.  They 
usually  form  cysts,  somewhat  like  plant-galls,  upon  the  calyx,  arms,  or  pin¬ 
nules  of  Feather-stars  or  other  Crinoids  :  but  some  types  crawl  about  upon 
their  host.  In  a  number  of  cases,  fossil  Crinoids  have  been  found  to  have 
the  arms  or  pinnules  distorted  by  the  cysts  of  Myzostoma. 

Annelida. 

Class  III.  Annelida  (  —  Annulata ). — The  Annelida  are 
vermiform  animals,  distinguished  from  the  preceding  by  the 
possession  of  distinct  external  segmentation;  the  nervous  system 
is  composed  of  a  ventral ,  double,  gangliated  cord,  with  an  oesopha¬ 
geal  collar  and  prte-cesophageal  pair  of  ganglia. 

This  class  comprises  elongated  worm-like  animals,  in  which 
the  integument  is  always  soft,  and  the  body  is  more  or  less 
distinctly  segmented,  each  segment  usually  corresponding  with 
a  single  pair  of  ganglia  in  the  ventral  cord.  All  the  segments 
are  similar  to  one  another  except  those  at  the  anterior  and 
posterior  extremities  of  the  body.  Each  segment  may  also  be 
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provided  with  a  pair  of  lateral  appendages,  but  these  are  never 
articulated  to  the  body,  and  are  never  so  modified  in  the  re-ion 
of  the  head  as  to  be  converted  into  masticatory  organs. 

In  the  higher  Annelida  each  segment  (fig.  164)  consists  of 


sal° arc’’ ^n cf *t  h  e  ^ent  ral* °  n,  ’  resfectively  the  “dor- 
Processes,  or  “  foot-tubercles  ”  ( bearS  two  Iateral 
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i  head  which  is  semml  T  r  '  ’  general|y,  there  is  not  a  distinct 
'  When  such  a  distinct  l^eadT  6  succfeding  rings  of  the  bod)-. 
Parable  with  the  head  ofthe^6?/™  l°  present’  11  is  not  corn- 
modified  prJoral  reason h\A*hroPoda>^  is  really  a  greatly 
the  position  of  the  S  'n  prostom,uni.”  as  is  shown  by 
l°be"  is  nhre  i  •  rllout1’  1  he  ‘  prostomium  ”  or  “  cephalic 

tades”  above  and  tactil  the  moUth>  and  often  carries  “  ten- 
a-  .  and  tactile  processes  or  “palpi  ”  below 

-  s°metimefeaJmedS  widiV^  ^  Annelides  consists  of  a  mouth, 
:and  a  distinct  anus  E  ^  ^Wf’  a  Sullet>  stomach,  intestine 
t  anus.  Except  in  the  Hirudinea,  the  alimentary 
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canal  is  suspended  in  a  capacious  perivisceral  space,  divided 
into  compartments  by  more  or  less  complete  partitions.  1  lie 
alimentary  canal  is,  with  one  or  two  exceptions,  not  convol¬ 
uted,  and  extends  straight  from  the  mouth  to  the  anus ;  but 
lateral  diverticula  are  often  present. 

The  body-cavity  contains  a  corpusculated  fluid,  which  cor¬ 
responds  with  the  blood  of  the  higher  animals.  In  all  Anne- 
lides,  however,  there  exists  a  special  vascular  system,  consist¬ 
ing  of  closed  vessels,  often  with  contractile  cavities  appended 
to  them,  filled  with  a  generally  coloured  fluid,  which  only 
occasionally  contains  floating  corpuscles.  This  system  of 
vessels  is  usually  termed  the  “  pseudohtemal  ”  system.  In 
many  cases  it  communicates  with  the  body-cavity ;  and  when 
there  are  definite  respiratory  organs  it  sends  branches  to 

these.  The  pseudohtemal  fluid  thus 
i  plays  an  important  part  in  the  respira¬ 

tion  of  Annelides.  Distinct  breathing- 
organs,  in  the  form  of  branchiae,  are 
present  in  many  marine  Annelides ; 
but  in  other  cases  the  functions  of  res¬ 
piration  is  discharged  by  the  general 
surface  of  the  body. 

The  excretory  organs  of  the  Anne¬ 
lides  are  the  so-called  “  segmental  or¬ 
gans,”  or  “nephridia.”  In  their  sim¬ 
plest  form  (as  in  the  ordinary  Leeches), 
each  segmental  organ  is  in  the  form  of 
a  much-folded  tube,  partly  labyrinthic, 
partly  vesicular,  often  with  an  appended 
caecum,  and  opening  externally  by  a 
distinct  aperture  or  “  stigma,”  but  hav¬ 
ing  no  internal  communication  with  the 
body-cavity.  In  these  cases,  the  seg¬ 
mental  organs  may  be  regarded  as  rep¬ 
resenting  the  kidneys  ot  the  higher 
animals.  In  the  higher  Annelida ,  the 
segmental  organs  are  usually  in  part 
subordinated  to  the  function  of  repro¬ 
duction.  In  these  cases  (fig.  165)  the 
inner  surface  of  the  convoluted  tube, 
which  constitutes  the  segmental  organ, 
is  ciliated  ;  and  the  tube  not  only 
distinct  “stigma,”  but  also  communi- 
the  perivisceral  cavity  by  a  widely 


of  the  segmental  organ  ;  s 
Seminal  receptacle  ;  i  Cili¬ 
ated  infundibulum  opening 
into  the  body-cavity.  (After 
Claparede.) 
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('ig-  165,  /),  by  which  the  products  of  generation  may  be  taken 
up  and  conveyed  to  the  outer  medium.  Very  usually  also 
there  are  appended  to  the  tube  of  the  segmen  al  orean  blind 
glandular  pouches,  which  represent  the  kidneys,  or  in  other 

.TveSprC„dStsaPPend,CeS  <fig'  l65'  '>  r“'  S,0™’=  “P 

1  he  nervous  system  consists  of  a  double,  ventral  ganeliated 
cord,  which  ,s  traversed  anteriorly  by  the  oesonhSuf  he 

bySenT^Xc!;”  ”  ““^"ganglia  bei„gP  coilnected 
-  lateral  cords  01  commissures  with  the  “  post-cesonhaeeal  ” 

gang  ia.  lgment-spots,  or  “ocelli,”  sometimes  of  high  or 

sometimes'  inVa^™'  ‘”any’  gel,era">’  «Pon  the  proboscis, 
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tad;  and  the  head  often  supports  two  or  more  feeleis  wh! ’h 

Sig£™  f  °f  ““  Crustac-m^ 

rile  sexes  in  the  Annelida  are  sometimes  distinct  and  some 
times  united  in  the  same  individual.  The  embrvos  nre  1 

universally  ciliated,  and  even  in  the  tlh  cib?  are 

al" ays,  it  not  always,  present— in  both  of  which  respects  this 
class  differs  from  the  Arthropoda.  P  S 
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The  Leeches  are  vermiform,  mostly  aquatic  animals,  in¬ 
habiting  both  fresh  and  salt  water.  Locomotion  is  effected 
either  by  swimming  by  means  of  a  serpentine  bending  of  the 
body,  or  by  means  of  one  or  two  suctorial  discs.  In  those 
forms  in  which  there  is  only  a  single  sucker  (posterior),  the 
head  or  anterior  extremity  of  the  body  can  be  converted  into 
a  suctorial  disc.  The  body  is  ringed,  nearly  one  hundred 
annulations  being  present  in  the  common  Leech  ;  but  these 
external  rings  do  not  correspond  with  the  true  segments  ot 
the  body,  and,  with  rare  exceptions  (BrancZiellioti),  there  are  no 
lateral  appendages  of  any  kind.  1  he  mouth  is  placed  at  the 
front  end  of  the  body,  and  may  or  may  not  be  furnished  with 
teeth.  The  pharynx  is  muscular ;  the  gullet  leads  into  a 
stomach  with,  usually,  capacious  lateral  caeca  (fig.  167,  B) ; 
and  the  anus  is  placed  dorsally,  in  front  ol  the  posterior 
sucker.  The  alimentary  canal  is  united  with  the  integument 
by  a  spongy  tissue,  formed  of  vascular  sinuses,  which  more  or 
less  completely  obliterate  the  body-cavity,  and  in  which  the 
blood  circulates.  The  pseudohaemal  system  generally  consists 
of  four  principal  longitudinal  trunks,  devoid  of  special  dila¬ 
tations.  Respiration  is  carried  on  by  the  soft  integument, 
definite  respiratory  organs  not  being  developed.  I  he  “  seg¬ 
mental  organs  ”  are  in  the  form  of  a  larger  or  smaller  number 
of  coiled  tubes  (fig.  167,  B),  which  open  upon  the  abdominal 
surface  by  so  many  pores  or  “stigmata.  I  he  function  ot 
these  tubes  appears  to  be  excretory,  and  in  the  majority  of 
the  Hirudinea  they  are  closed  internally,  and  only  open  ex¬ 
ternally  by  the  “stigmata.”  In  some  of  the  Hirudinea ,  how¬ 
ever,  the  “  segmental  organs  ”  agree  with  those  ot  the  great 
majority  of  the  Annelides  in  not  only  opening  externally,  but 
in  also  communicating  internally  with  the  perivisceral  cavity. 
One  pair  of  segmental  organs  corresponds  with  a  body-seg¬ 
ment  ;  but  it  is  only  in  certain  segments,  in  the  middle  region 
of  the  body,  that  these  organs  are  developed.  In  many  cases 
seventeen  pairs  of  segmental  organs  are  present,  as  in  the 
Medicinal  Leech;  but  in  other  cases  the  number  of  these 
structures  is  much  smaller.  In  no  case  do  the  segmental 
organs  serve  to  convey  the  generative  products  to  the  exterior. 

The  nervous  system  consists  of  a  prae-oesophageal  ganglion, 
which  gives  branches  to  a  number  of  simple  eyes,  or  ocelli, 
which  are  placed  on  the  head,  and  which  is  united  by  lateral 
oesophageal  cords  to  the  ventral  gangliated  chain.  The  ven¬ 
tral  chain  of  the  common  Leech  carries  twenty-three  succes¬ 
sive  pairs  of  ganglia,  marking  the  composition  of  the  body  out 
of  the  same  number  of  segments ;  but  the  first  and  last  post- 
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oesophageal  ganglia  are  really  composed  each  nf  „  7 
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The  sexes  are  united  in  the  Hirudinea,  and  the  generative 
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are  deposited  in  delicate  chitinous  capsules  or  “cocoons” 
(fig.  1 66,  D),  and  the  young  do  not  undergo  any  marked 
metamorphosis,  being  in  most  cases  essentially  similar  to  the 
adult  except  in  size. 


i.'j.r  167 — A  Diagram  of  the  Leech,  showing  the  nervous  system,  and  the  ten  eyes 
placed  on  the  ion  of  the  head.  B,  The  Leech  dissected  to  show  the  alimentary  canal 
(/),  and  the  “  segmental  organs"  (r  r);  ns  Anterior  sucker;  fs  Hinder  sucker,  «  « 
Nervous  system  ;  h  Head,  carrying  the  eye-spots. 


In  the  Medicinal  Leech  {Hint Jo  or  Sanguisuga  officinalis),  the  body 
exhibits  externally  nearly  one  hundred  annulations,  of  which  from  three  to 
live  correspond  with  a  single  body-segment.  The  hinder  margins  of  the 
true  segments  are  marked  out  by  the  apertures  of  the  seventeen  pairs  of 
segmental  organs.  The  anterior  and  posterior  suckers  also  represent  each 
a. series  of  coalescenl  segments  (the  anterior  containing  four,  and  the  pos¬ 
terior  seven  segments).  The  anterior  sucker  is  perforated  centrally  by  the 
mouth,  and  is  prolonged  above  into  a  lanceolate  lip,  the  upper  surface  o 
which  bears  ten  minute  eyes  arranged  111  an  ellipse.  1  he  posterior  sucker 
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-j-  -  *» 

triradiate  Lunev^g.  Tan'dr^ *•?.* 


mraaiate  manner  (ho-.  16S  b  nnH  r\  ^  J  ’  “lld,,scu  1,1  a 

villous  pharynx,  cUiuS  b.Sa’is  SjT  '  * 

digestive  sac,  the  so-called  “stomach.”  which 


j-  Uhtivwaras  into  a 

diBestive  sac,  the  so-called  “stomach,”  which 
occupies  the  greater  part  of  the  body  The 
stomach  is  sacculated,  and  carries  eleven 
pouches  on  each  side,  the  first  pair  of  these 
being  the  smallest,  while  the  last  are  very  Ion" 
and  are  directed  backwards  in  the  axis  of  the 
body  (hg.  167,  B).  Between  the  last  pair  of 
diverticula  is  seen  the  short  intestine,  which 
terminates  at  the  dorsally-placed  anus. 

the  body -cavity  is  not  completely  differen- 
mted  from  the  vascular  system  ;  but  there  are 
transverse  partitions  which  run  from  the  inter- 
rals  between  the  gastric  pouches  to  the  body. 

with  ?  C  SpaC6S  between  these  are  filled 

sinuses  P  Tb  UG  •  containing  pseudohaemal 
f  ’  1  he  principal  pseudohaemal  vessels 

ventral  “  dorsal,.trunk-  (2)  a  median 

entral  trunk,  in  which  lies  the  ventral  nerve- 

cham,  and  (3)  two  wide  longitudinal  trunks 

hlm?l  ftu' f  '  i°f  ‘hf  b0dy'  The  Pseudo- 

ti  1  ld  ls  lec^’  an<3  non-corpusculated. 
ar^  seventeen  segmental  organs  on 

external  saccular  portion,  which  opens  on  the 

SSS  bVVen,tralIy-PIaCed  P°re>  an d  an 

nternal,  tubular,  looped  portion  (fig  167  B) 

SSSLiTA  »■**»■  lAz 


Fig.  168. — Hirudinea.  a  The 
Medicinal  Leech  (Sangui- 
suga officinalis),  natural  size- 
6  Anterior  extremity  of  the 
same  magnified,  showing  the 
sucker  and  triradiate  jaws  ; 
c  One  of  the  jaws  detached,' 
snowing  the  semicircular 
toothed  margin. 


„  ......  .^jziuuucuon. 

v'ntral  eanglia,«u  chain,  con,. 

and  their  commissures.  The  first  and  last  of  fh°  Post‘oesoP1Jageal  ganglia, 
are  larger  than  the  rest  ,n,i  _ _ .  1  J  of  the  post-oesophageal  ganglia 


vwuiuuasuicb.  1  JlC  first  arm  locf  <1  1  ,  o  — '  *  fa44,11^1141! 

T?  larff  tllan  the  rest,  and  represent  each  sever  P0st-a.s.0PfhageaI  ganglia 
The  whole  of  the  post-cesoohafUl  V  ,  ganglia  fused  together, 

theventral  blood-sinus.  '  b  poition  of  the  nerve-chain  is  enclosed  in 

hecomes'TwoUen'm  thTbreedin^seaso'n60'31!  -egio11  °f  the  body>  which 

The  animal  is  hermaphrodite*  and  the  ’  Td  15  termed  the  “ditellum.” 
form  penis,  the  anertun-  fnrth  1  e  organs  consist  of  (1)  a  cirri- 

1  a  ,h  anil;  t£  ™ir,“,“on  ffwii,;ch.“  ^ 

S’andular  portion  (the  pros  u  in  f  ‘nternally  into  (2)  a  swollen  and 
one  on  each  side  of  the  bo  L  T  h'C,h  °Pen,  (3)  two  ejaculatory  ducts, 

Wo  convoluted  pyriform  “  vesic!,  a*  ^acVIatory,  ducts  are  derived  from  (4) 
arc  coated  into  “spermatoSe  TnueS!  -ln  which  the  spermatozoa 
d'dymis”)  opens  finally  V  vesicuIa  seminalis  (or  “  epi- 

SstShf>rtvStaIks  nine  globular5 testes"8  The  ‘°  whic.h  are  aPPen<'ed 

ov  d  f  X)  two  m‘nute  ovaries  the  ducts  1  f  pT  "'  generative  organs  con- 
oviduct.  This  •  .  , V  tne.aucts  of  which  unite  to  form  ('>)  n  sjmri„ 

aperture  of  which  the  external 

U 
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A  few  Leeches  are  not  aquatic  in  their  habits,  but  are  found 
in  damp  situations  on  land,  mostly  in  hot  countries  (India, 
Ceylon,  South  America,  &c.)  The  common  “Horse-leech” 

(. Hamopsis )  has  numerous  blunt  teeth,  which  are  too  weak  to 
penetrate  the  skin,  but  will  pierce  mucous  membranes.  It 
inhabits  ponds  and  marshes,  and  attaches  itself  to  the  throat 
of  animals  when  drinking.  Aulostomum  gtelo,  also  often  called 
the  “  Horse-leech,”  feeds  principally  upon  fresh-water  shell-fish. 
The  genera  Pontobdella  and  Piscicola  belong  to  a  section  of 
the  Leeches  (Rhynchob del l idee)  in  which  there  is  a  protrusible 
proboscis.  The  Piscicola  attach  themselves  parasitically  to 
the  gills  of  fresh-water  fishes.  The  Pontobdella  are  marine,  a 
well-known  example  being  the  common  “Skate-sucker  (P. 
muricata ),  in  which  the  skin  is  tuberculated,  and  the  anterior 
sucker  is  marked  off  by  a  constriction  from  the  body  (fig. 

1 66,  B).  It  lives  parasitically  on  Skates  and  other  sea-fishes. 
Also  belonging  to  this  section  are  the  little  fresh-water  Leeches 
of  the  genus  Clepsine ,  which  feed  on  A  ater-snails.  Ihey  cairy 
about  their  young,  attached  to  the  under  surface  of  the  body 
by  their  posterior  suckers,  for  some  time  after  birth.  Lastly, 
Branchiob della  lives  upon  the  gills  of  Crustaceans,  and  Bran-  - 
chellion  infests  the  gills  of  various  fishes,  such  as  the  I  urbot. 

Order  II.  Oligoch./eta.  —  The  members  of  this  order, 
comprising  the  Earth-worms  and  their  allies,  are  distinguished  i 
by  the  fact  that  their  locomotive  appendages  are  in  the  form  of 
chitinous  seta  or  bristles  attached  in  rows  to  the  sides  and  ventral  ji 
surface  of  the  body.  No  bronchia  are  present.  Phey  are  all 
hermaphrodite ;  and  the  young  pass  through  no  metamorphosis. 
The  Oligochata  are  divided  into  the  two  groups  of  the  Terri- 
eola  or  Earth-worms,  and  the  Limicola  or  Mud-worms  and 
Water-worms  ( Sanunda  and  Naidida). 

The  body  in  the  Oligochata  is  segmented,  and  the  anterior 
segment  is  prolonged  in  iront  of  the  mouth  into  a  “  pro- 
stomium  ”  or  “  cephalic  lobe.”  The  locomotive  organs  are  in 
the  form  of  short  bristles,  or  “sette”  (fig.  169,  A),  which  are 
arranged  in  rows  on  the  lower  and  lateral  sui  faces  of  the  [ 
animal,  and  are  never  supported  upon  special  outgrowths  01 
“  parapodia.” 

The  mouth  is  toothless,  and  opens  into  a  muscular  pharynx, 
which  in  turn  opens  into  an  oesophagus,  to  which  special  1 
glandular  organs  are  often  appended.  A  more  or  less  com¬ 
plicated  stomach  is  present,  and  the  intestine  ends  in  a  ter¬ 
minal  anus.  The  body-cavity  is  subdivided  by  membranous 
partitions,  corresponding  with  the  different  segments  of  the 
body,  and  is  filled  with  a  corpusculated  “perivisceral  Huai. 
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The  pseudohaemal  vessels  are  well  developed,  and  are  often 
lmshed  uitb  contractile  dilatations  or  “hearts”  (fig.  160  h) 
The  pseudohaemal  fluid  ,s  generally  red  in  colour.  (  Speciahsed 


0rgans”  ar^larad'v  ^ ”1  are,  n0ti  devf]°Pe<:1-  The  “segmental 
tubes,  which  oner/  pvt VC  and  1ave  the  form  of  coiled 
oommunicate  intemaltv  ] ^"^"y-placecl  pores,  and 
tures.  None  of  tlJ  y'ut  l  the  body-cavity  by  ciliated  aper- 
officiate  as  ducts  tn  fe®menta!  organs  in  the  Earth-worms 
which  con vp v  ti  tlC  ^Productive  organs;  but  the  ducts 
Water-worms^ are^  Products  to  the  exterior  in  the 

The  Ipnm  modlfied  segmental  organs. 

nervous  system  is  of  the  normal  Annelidan  type,  and 
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there  may  or  may  not  be  simple  organs  of  vision  in  the  form 
of  pigment-spots.  The  reproductive  organs  of  the  two  sexes 
are  united  in  the  same  individual,  and  are  very  complex.  Two 
pairs  of  testes,  with  vasa  deferentia,  and  a  pair  of  ovaries,  with 
oviducts,  are  present,  and  there  are  various  accessory  gener¬ 
ative  organs  as  well.  The  external  openings  of  the  vasa  defer¬ 
entia  and  oviducts  are  placed  on  the  ventral  surface  of  the 
body,  far  forward,  and  behind  these  exists  a  thickened  gland¬ 
ular  zone  or  “clitellum,”  which  is  connected  with  copulation, 
and  becomes  much  swollen  at  the  breeding  season.  Develop¬ 
ment  is  direct,  and  the  young  pass  through  no  metamorphosis. 


The  body  of  the  common  Earthworm  ( Lumbrims  Urn-sin's)  is  cylindri¬ 
cal,  attenuated  at  both  ends,  and  exhibiting  a  large  number  of  narrow 
annulations  or  segments.  About  the  middle  third  of  the  body  (commencing 
with  a  segment  between  the  29th  and  }2d)  begins  the  swollen  region  of 
the  “clitellum,”  or  “cingulum,”  which  is  made  up  of  about  six  parti¬ 
ally-fused  segments,  and  is  of  a  lighter  colour  than  the  rest  of  the  woim. 
The  anterior  portion  of  the  clitellum  is  furnished  with  a  highly  glandular 
integument,  and  the  entire  region  is  connected  with  reproduction,  its  sette 
being  specially  modified  for  adhesion.  _  . 

The  locomotive  setre  are  arranged  ventro-laterally  in  four  longitudinal 
double  rows,  two  rows  being  placed  external  to  the  middle  line,  and  two 
rows  being  lateral.  The  first  segment,  or  “  cephalic  lobe,  is  small  and 
pointed,  and  presents  on  its  lower  surface  the  aperture  of  the  edentulous 
mouth.  Placed  in  the  middle  line  of  the  back,  except  in  the  most  antenoi 
rings,  is  a  row  of  minute  pores  leading  into  the  body-cavity.  1  he  opening 

of  the  anus  is  terminal.  . ,  ... 

The  body-cavity  is  filled  with  a  colourless  or  slightly  milky  fluid,  which 
contains  numerous  floating  corpuscles,  some  of  which  exhibit  amoeboid 
movements.  The  perivisceral  space  is  divided  into  a  series  of  compart¬ 
ments,  separated  by  transverse,  membranous,  “mesenteric”  partitions, 
which  correspond  with  the  successive  body-segments,  and  are  perforated 

by  the  alimentary  tube.  . 

The  minute  edentulous  mouth,  on  the  ventral  side  of  the  first  segment, 
opens  into  a  buccal  cavity,  passing  backwards  into  a  muscular  pharynx 
(fie-  169.  /),  which  in  turn  leads  into  a  straight  oesophagus,  to  the  sides  ot 
which  are  appended  special  glandular  organs.  The  gullet  opens  into  a 
dark-coloured  cordate  “crop”  (fig.  169,  c),  behind  which  is  a  thick-walled 
muscular  “gizzard.”  The  intestine  is  straight,  with  lateral  sacculated 
pouches  in  the  first  few  segments  behind  the  gizzard,  and  having  its  dorsa 
wall  pushed  inwards  to  form  a  longitudinal  ridge  (“  typhlosole  ),  which 
projects  into  the  cavity  of  the  intestine.  The  exterior  surface  of  the  in¬ 
testine  is  covered  with  a  layer  of  brownish-yellow  “hepatic  cells,  ot 

undetermined  function.  •  •  1  ,„,in 

There  are  no  differentiated  respiratory  organs.  I  he  principal  pseudo 
htemal  trunks  are  (1)  a  “  supra-intestinal  ”  vessel, 'running  along  the  dorsa 
side  of  the  alimentary  canal ;  (2)  a  corresponding  “sub-intestinal  vessel, 
running  along  the  ventral  side  of  the  digestive  tube  ;  and  (3)  a  group  o 
“sub-neural”  vessels,  of  which  the  chief  is  placed  beneath  the  ventral 
nerve-chain.  The  lateral  vessels  which  connect  the  supra-intestinal  am 
sub-intestinal  trunks  are  dilated  in  the  segments  from  the  7th  to  the  Iitn 
into  contractile  chambers  or  “hearts  (fig.  169,  B,  1 1 ). 


I’OLYCHyETA. 


309 


.he c'0b^  s”P™'«»Pl>“8«l  ganglion,  in 
nen-cclminr  No  special  ™”»' 

which  end!™  segment^”  cent  "SffiS’.h"''  thS  T,  ° f  '“I”1  '»>*•.  »f 

The  external  ofenings  of  “he  “d  ,he  “"'“ns  a  pair, 

the  ventral  surface  fust  extern -if  to  I  g?nS  a»'e  minute  pores  placed  on 
bristles.  I n ternary ,J  each  segmental  lnl°Tl  ***  7  thf  middIe  ™  of 
aperture,  which  opens  into  *  fl’nnel'shaPed  ciliated 

.h“  in  which  the  Lped  ^  °f 

in. 

branous  ‘^min^ser^  {?  T^Paiw  oTlafge  meSS 

which  open  into  Uvo ^aks'cff  similar  rJspr  and  "?h  rings  <%•  ld9,  4 
the  10th  and  nth  rings  Each  nf  T  P  aced  m  the  middle  line  of 

a  folded  membranous"  funnel  f' “  mW'”,  ^ T*  reServoirs  contains 
these  being  directly  over  one  if  t)T  t  fun“1.  }*  the  mouth  of  each  of 
seminal  funnels  to  a  common  me  1  r  es  es‘  ^Ilnute  ducts  lead  from  these 
backwards  to  open by  a  minute  ext^r  “  ,*“*  Sidt’  which  is  continued 
The  female  organs7  consif  of  m  n  L '.per  )'re.on  the  15th  ring, 
segment;  (2)  two  short  oviducts  Lv,-  nPi  lr  °  .n?lnute  ovanes  ln  the  13th 
opposite  their  respective  ovaries’  XX  laVe  ,WK  e  Clhated  mouths  placed 
and  which  0penPe nn’tfi WU?h»ot  COnnected  with  them, 

globular  sacs  f“spermathecK  Ijf  Ste]gmen,t  5  and  (3)  two  Pairs  of 
opening  externally  by  minute  pores  (fig"  160  X  and  Ioth  segments  and 
for  storing  up  the  seminal  fluirl  L  •  i?'  l6p’  s^'\  Plese  sacs  are  used 

reproductioni  Tust  outside  X  Z  Z  T\  Worm  in  the  act  of 

servoirs  there  are  further  five  mi  e  °f  . attachment  of  the  seminal  re¬ 
called  “capsuloge’nous  glands  ”1P  tv  7  minute  Slandular  organs  (the  so- 

» ■■  os  .^1,.n^1s^.h“"y  corainE  or  *>* 

hamts!  ?h  fitter  ^  a<lUMic  ‘^ir 

water.  A  few  font  bemg  .f?“nd J,n  bo"'  ^sh  and  salt 
the  Earth-worms  •  Par?sltl<"  J  he  terrestrial  forms  are 

fresh-water  fn  Z  f  lctfa\  and  a  common  example  of  the 

s.reamT(figf° 2S  of  our 

(NaiiUx)  have  the  To  S  r  °f  !  'e  fresh-water  ( Oligochccta 
a  process.  „r  '  Power  of  producing  new  individuals  bv 

reproductive  SThT  ^  Jtj!“  lhis  when  tK 

died  in  this  I,”  „beC°me  developed.  The  zobids  pro- 
chains  for  some  tmm  ''if1!1  ,connec*ed  Wlth  one  another  in 
and  assume  the  rh  ’  ?ut  *  X  ultmiately  become  separate 
Order  ITT  £haracters  of  adult  individuals. 

Annelides  in  °rdcr  includes  marine 

b°dy  (“ paratodin  ere  <*re  fleshy  lateral  outgrowths  of  the 

head  is  usually  d,\r  7  n' hi ch  hunches  of  set ce  are  attached.  The 
processes  of  tlm  /  /  ‘>U  ’  0"^  hranchice,  in  the  form  of  external 

al^dl  c'td7  USUally  deVd°ped-  Th****™  almost 
The  bodv  f;  p  7  7  *  vietamorphosis  in  development. 
ody  m  the  Polychaetous  Annelides  is  divided  into  a 
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number  of  rings  or  segments,  each  of  which,  in  the  typical 
forms,  possesses  the  following  structure.  The  segment  con¬ 
sists  of  two  arches,  a  lower  or  “ventral  arc,”  and  an  upper  or 
“dorsal  arc,”  with  a  “foot-tubercle”  or  “parapodium”  on 
each  side.  Each  foot- tubercle  consists  of  an  upper  process, 
or  “  notopodium,”  and  a  lower  process,  or  “  neuropodium, 
each  of  which  carries  a  tuft  of  bristles,  or  “setae,”  (rarely,  a 
single  bristle),  and  a  species  of  tentacle  termed  the  cirrhus 
(fig.  170,  B). 

In  a  few  forms  parapodia  are  absent,  as  also  the  setae  may 


Fig.  170. — Annelida.  A,  Head  of  Nereis  incerta,  viewed  from  beneath,  and  enlarged 
S  (after  Quatrefages) :  d  The  principal  pair  of  chitinous  jaws  (the  dark  dots  on  the 
lobe  behind  these  are  smaller  denticles)  ;  pa'  Internal  pair  of  palpi  \  pa  Externa 
greater  pair  of  palpi;  t  t  t  Tentacles.  B,  Foot-tubercle  of  enlarged  ^ 

Notopodium;  ne  Neuropodium  ;  c  Dorsal  cirrhus;  c'  Ventral  cirrhus ,  bbb  Bran¬ 
chial  filaments  ;  a  Acicula: ;  *  s  Setae  attached  to  the  dorsal  and  ventral  oars. 

be ;  and  in  one  very  aberrant  type  (viz.,  Polygordius),  which  is 
sometimes  regarded  as  constituting  a  special  division  oi  Anne- 
lides,  not  only  are  both  these  sets  of  structures  wanting,  but 
even  the  external  segmentation  is  lost. 

The  outer  cuticular  layer  of  the  body  is  generally  mote  or 
less  chitinous,  and  is  often  iridescent.  Below  this  is  a  mus¬ 
cular  layer,  by  which  the  movements  of  the  animal  are  effected, 
and  which  encloses  the  “perivisceral  cavity.”  This  cavity 
mns  the  whole  length  of  the  body,  and  is  lined  by  a  special, 
often  ciliated  membrane,  which  is  reflected  upon  the  alimen¬ 
tary  canal  and  other  internal  organs.  It  is  usually  more  or 
less  subdivided  by  imperfect  partitions,  and  is  tilled  with  an 
albuminous  fluid  containing  floating  corpuscles,  and  corre¬ 
sponding  with  the  blood.  This  so-called  chylaqueous  fluid 
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l?thp0fT  °ne  °f,the  functions  of  an  internal  skeleton,  acting 
as  the  fulcrum  or  base  of  resistance  to  the  cutaneous  muscles5 

out”  (Oweni  V°  m0tl°n  being  lost  the  fluid  is  let 

so^~:  tXtumi^  °f  ^  b°dy  (fig'  T7°>  A)  «  usually 

L  prodded  wbh  recognisab]e  as  the  head,  and 

is  provided  with  eyes,  and  with  two  or  more  feelers  which  are 

not  jointed,  and  are  therefore  not  comparable  with  the  antenna; 
of  Crustacea  and  Insects.  The  moiith  is  placed  on  "he  ?n 
!"°r  surface  of  the  head,  and  is  often  furnished  with  one  or 
ore  pairs  of  horny  jaws,  working  laterally.  The  pharynx  is 
muscular,  and  often  forms  a  sort  of  proboscis,  being  pSed 
vvith  special  muscles,  by  means  of  which  it  can  be  everted  and 
again  retracted.  In  most  there  i*  no  uy.  eveiaea  and 

s.onUch/nd  intestine,  ™d*hTaL”.  £  "SSToltohS 
appended  to  it  lateral  caica,  which  may  represent  the  liver 
I  he  pseudohaemal  system  is  usually  well  developed  and 

JVedfeW  f0r‘”S  **' 

“'‘7  "°‘  be  Prese"U  bw  usually 

mennl  ’  °»  s°me  for ms  are  hermaphrodite.  The  “see- 

deve „„ afe  apparentlp  sometimes  absent ;  but  when 
o[  3  r  ’7  °pen  mternallp  into  the  body-cavity  by  means 
ducts  ^  !  apertures,  and  they  commonly  serve  as  efferent 

-  -  te 

cipal  se^s”' ™A";Klid7  ^  be  divided  “to  two  prin- 
inllabit  a  tuhT^u  ff  a"d  Errt"“™- according  as  they 
free  and  wandering  habit'of  life  *“  ^  ,hemselv“.  or  have  a 

frtrro  "ofUthe  sedentary  or  “  Tubicolons  ” 

i  which  they  are  n<?' tf  ■  !?b"  vano“sl)'-forn,ed  tubes,  to 

can  move  freelv  l  Sanica,1y  connected,  and  in  which  they 

Owing  to  their  ooss^s^"5  f°f  th-£ir  setigerous  foot-tubercles, 
only  developed  n  t  °  an  lnvestlng  tube>  branch!®  are 

this  bewT,  ,  eV°r  regIOn  of  the  bod>'  (%•  i7i) 

g  only  part  which  is  ordinarily  exposed  to  the 


co 
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action  of  the  sea-water ;  lienee  the  Tubicola  are  sometimes 
called  the  “  cephalobranchiate  ”  Annelides.  Owing  to  the 
abundant  supply  of  pseudohaemal  vessels  which  they  receive, 

the  branchial  tufts  are  usually 


bright  red  in  colour. 


The  protecting  tube  of  the 
Tubicolous  Annelides  may  be 
composed  of  carbonate  of  lime 
(, Serpula ),  of  grains  of  sand  (Sa- 
bellarid ),  or  of  sand,  pieces  of 
shell,  and  other  adventitious  par¬ 
ticles  cemented  together  by  a 
glutinous  secretion  from  the  body 
( Terebella ) ;  or  it  may  be  simply 
membranaceous  or  leathery  (Sa- 
bella).  Sometimes  the  tube  is 
free  and  non  -  adherent  ( Pecti - 

"MSsST&h  &&SZ  "aria)  ’  more  commor,1.y b 

and  operculum;  b  spirorbis  com-  (ached  to  some  submarine  object 
”mms‘  by  its  apex  or  by  one  side  (Ser- 

pula  and  Spirorbis).  Sometimes  the  tube  is  single  {Spiro? bn) , 
sometimes  the  animal  is  social,  and  the  tubes  are  clustered  to- 
cether  in  larger  or  smaller  masses  {SabeUaria). 

Reproduction  in  the  Tubicola  is  generally  sexual,  the  sexes 
being  mostly  in  different  individuals ;  but  fission  has  also 
beerT  noticed  to  occur.  As  regards  their  development,  the 
young  pass  through  a  distinct  metamorphosis.  The  larvae 
(fig.  T72,  A  and  D)  are  freely  locomotive,  furnished  with  eye- 
spots,  and  swimming  actively  by  means  of  cilia,  which  are 
principally  aggregated  into  two  rings  or  circlets,  one  placed 
on  the  head,  the  other  at  the  hinder  end  ot  the  body.  1  he 
tentacles  are  developed  at  an  early  period,  and  the  larva 
undergoes  segmentation.  Finally,  the  cilia  disappear,  the 
larva  becomes  stationary,  and  the  protective  tube  ot  the  adult 


is  secreted.  The  young  Tubicolar  Annelide  thus  resembles 

1  •  •  <-  .1  _ 1  C _ ,  f 


the  permanent  condition  of  the  Errant  forms ;  ana  tne 
stationary  condition  of  the  adult,  accompanied  by  the  loss 
of  its  sense-organs,  may  be  regarded  as  an  instance  ot  “  re¬ 
trograde  development.” 


The  most  familiar  of  the  Tubicola  are  the  Serpula  (fig.  I7L  ")>  die  con-  | 
torted  and  winding  calcareous  tubes  of  which  must  be  known  to  almos 
every  one  as  occurring  on  shells  or  stones  on  the  sea-shore.  One  ol  tne 
cenlialic  cirrhi  in  Serpula  is  much  developed,  and  carries  at  its ‘extremity 

*  .  .  I  . Iiihnml\if  I  in  nf  trip  til  lie  IS  ClOSCO  I 


cephalic  cirrni  in  oerpmu  . . 

a  conical  plug,  or  operculum,  whereby  the  mouth  of  the  tube  s _el lose; i 
when  the  animal  is  retracted  within  it.  In  Spirorbis  (fig.  I7L  <')  die  shell) 


errantia. 
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tube  is  coiled  into  a  flat  spiral,  one  side  of  which  is  fixed  to  some  solid 

ani  on  o.hK“, °n  ""  f'°n<,s  of  s'™' 

Equally  familiar  with  Serpula  is  Terebella,  the  animal  of  which  is  in- 


F*^'<’I^oshioiT  of 'tile'mowh  *  a'Anus'”  ^rrotmdadS>^nh<d'deS"  -A’  Lar-  '^Ua: 

tenor  circlet  of  cilia  -  t  Tentacle  ’  R  d  ry,t^e  Postenor  circlet  of  cilia;  c  An- 

Phyllodoce.  D,  Lar’va  of  Splrorbfs;  ^  ,°f 

magnified.  (After  Claparede,  Schultze,  and  A Agaldz.)  hgUreS  316  great,y 


Of  considerable  length.  C  &rams,  and  in  the  form  of  a  reversed  cone 

monS  oSrtce'isISff  *”  Annelides  are  of  com- 

to.)  occurring  ii'IS/S  t£Sff&&2?S 

loirs  ’ton’.ru  IL  E“ANTIA  — This  division  includes  Polychs- 
Sinvt  r  eS5  WhlCJh  are  devoitl  of  investing  tubes  end 
side  Th'  f d  ',an.dering  life.  In  rare  cases  they  are  para- 
habit  of  lifp  P  P°dla’  In  accordance  with  the  animal’s  free 
cola  1  and  comPletely  developed  than  in  the  Tub/ 

the  bodvd  on  if  lS’  W  !Cn  Present’  are  arranged  on  the  sides  of 
of  the  l.ndv  ?  d°rSa  aspect’  sometimes  in  the  middle  region 
For  this  r/  y,i°r  ®ometimes  along  almost  the  entire  length. 

“cs  spokei1  of  “ 


Th 

>s  usuaH^sextnl'^tlmimT^  ***  different  in<livilIuals>  and  reproduction 
The  process  ln.some  cases  gemmation  is  known  to  occur 

as  it  conSL  tLZdS  ■“  rani,ed,  0,1  hy  a  sin8,e  se6menb  and  so  long 
’  t  ouddmg  individual  remains  sexually  immature,  though 
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the  young  thus  produced  develop  generative  organs.  Thus,  there  is  in 
these  cases  a  kind  of  alternation  of  generations,  or  rather  an  alternation  of 
generation  and  gemmation  ;  the  oviparous  individuals  producing  eggs  from 


Fig.  173. — Cirrhatulus  grandis,  an  “  Errant  Annelide,”  in  its  living  condition. 

(After  Verrill.) 


which  the  gemmiparous  individuals  are  born  ;  these,  in  their  turn,  but  by 
a  non-sexual  process,  producing  the  oviparous  individuals.  W  lnle  the  torm 
of  gemmation  just  alluded  to  has  long  been  known  as  not  uncommonly 
taking  place  among  the  Errant  Annelides,  no  example  of  continuous  gem¬ 
mation  has  until  lately  been  recognised  in  any  Annelide.  Recently,  how¬ 
ever  Dr  MTntosh  has  described  a  remarkable  species  of  Sylhs  (o.  rarnosa), 
which  inhabits  a  Hexactinellid  Sponge  from  the  Philippines,  and  in  whic 
the  thread-like  body  is  intricately  branched,  giving  off  lateral  offsets,  and. 
thus  becoming  a  truly  composite  organism.  This  singular  form  is  further 
remarkable  in  the  fact  that  no  traces  of  a  head  have  hitherto  been  dis¬ 
covered,  so  that  it  is  probable  that  the  entire  branched  organism  possessed 

^Ncrtonlv  does  gemmation  occur  among  the  Errant  Annelides,  but,  in  a 
few  instances,  fission  has  been  noticed  to  take  place.  Occasionally  also 
the  males  and  females  differ  from  one  another,  and  both  may  d  Her  from 
the  sexless  forms,  when  these  exist.  Thus,  Uderonerns  is  founded  upo 
the  sexless  forms  of  Nereis;  whilst  the  species  of  the  genus  Aut°!)tus, 
amongst  the  Syllidea,  exhibit  a  still  more  remarkable  polymorphism,  the 
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ifemafles  beins  ' extremely  dissimilar,  and  there  being  in  addition 

at  its  hinder  exSemit;  ?  ^  ^  SCXUal  individllaIs  bX  gemmation 

The  embryo  usually  appears,  on  its  liberation  from  the  ovum  as  a  free 
swimming,  ciliated  body,  possessing  a  mouth,  intestine,  and  anus  The 

mediaTbe^t'Hor^wo^n8^’  ^  '?eCOme  ^gregated  so  as  to  form  a  single 
(figi72  B  and  Cl  ft*™*  m  eacb  ^‘emity,  or  a  series  of  bands 

setigerous  foot-tubercles  are  developed.  The  ciliated  band  or  bands  finallv 

from1theeA^ItranoAnnelideu  are  marine’  occurring  in  all  seas 
lr°m  the  Arctic  Ocean  to  the  equator,  and  extending  to  great 

depths.  A  few  forms  (e.g,  Tomopteris )  are  pelagic.  Others 

live  in  sand  and  mud  •  whilst  others  hide  under  stones  or  in 

careous  “r  °therS’  again’  bore  holes  *n  cal¬ 
ami  ^  A  ‘VC  aS  “  commensals  ”  on  other 

Of  the  commoner  British  types,  the  Lob-worm  (Arenicola  pis- 
catorum)  is  found  almost  everywhere,  burrowing  n  the  sand  of 

p  rtSoTl0reh  /  hf  tl,ftecd  §illS  °n  t,ie  middle  and  hinder 
Stere  are  broarldyhVIn  C  S?a‘“Ice  {Aphrodite  and  Polynoe) 
Lee  nf  rb  ?  /  10U-S  SCal6S  on  the  dorsal  sur- 

Seanl.i  /  ST™*  the,  notopodia.  In  the  Common 
attad  ed  fn  t f^hrodl/e  ^eata),  the  thick  bunches  of  set* 
attached  to  the  parapodia  are  brilliantly  iridescent  The  Sea 

«W*)llave  ,„„g  segmented  bodies  witT'a  very 
SyharhirS  ^  “d  while  the 

formed  by  the  body  of  the  worm  itseff^Th’ .Occasionally>  by  impressions 

»>-  i  »i  sxsV”™  r  ci™  r t,Ky  » »»•* » 

e«/C“wrni  cf*roe»*m* 

-with  n  t  havinS  the  hinder  extremity  of  the  body  furnished 
3  ">* of  the  PftJiZ 

*«. 3aws-  No  *****«■  **»  -»w 

in,,'  T  ,C,!“S..inClud?  °"ly  the  si',Slllar  Pelagic  animals  belong- 
which  ic  .  genVs  Sagitta,  the  precise  systematic  position  of 
somewhat  doubtful.  They  appear,  however,  to  form 
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a  connecting  link  between  the  Annelides  on  the  one  hand,  and 
the  free  Nematoids  on  the  other  hand. 


The  SagittCB 


(fig.  174)  have  elongated  transparent  bodies, 
rarely  over  an  inch  in 
length,  having  the  hinder 
end  of  the  body  expanded 
into  a  striated  caudal  fin, 
similar  fins  often  existing 
on  the  sides  of  the  body 
as  well.  The  head  car¬ 
ries  a  series  of  sette  placed 
in  front  of  the  mouth, 
and  the  oral  aperture  is 
furnished  with  unciform 
corneous  bristles  or  “fal- 
ces,”  which  act  as  jaws. 
The  alimentary  canal  is 
straight,  and  terminates 
in  an  anus  placed  at  the 
base  of  the  tail  below. 

“A  single  oval  ganglion  lies  in  the  abdomen,  and  sends,  forwards  and 
backwards,  two  pairs  of  lateral  cords.  The  lateral  cords ;  unite  in  front  of 
and  above  the  mouth  into  a  hexagonal  ganglion.  this  gives  off  two 
branches  which  dilate  at  their  extremities  into  the  spheroidal  ganglia,  on 
which  the  darkly  pigmented  imperfect  eyes  rest.  The  ovaries  saccular 
organs,  lie  on  each  side  of  the  intestine  and  open  on  either  side  ot  the 
vent  ;  receptacula  seminis  are  present.  Behind  the  anus,  the  cavity  of  the 
tapering  caudal  part  of  the  body  is  partitioned  into  two  compartments  ;  on 
the  lateral  parietes  of  these,  cellular  masses  are  developed  which  become 
detached,  and,  floating  freely  in  the  compartment,  develop  into  sperma¬ 
tozoa.  These  escape  by  spout-like  lateral  ducts,  the  dilated  bases  of  w hich 
perform  the  part  of  7 wienies  seminales.  The  embryos  are  not  ciliated,  an 
undergo  no  metamorphosis”  (Huxley). 

The  species  of  Sagitta  are  found,  living  in  the  open  sea,  m 
the  Mediterranean,  and  in  the  Atlantic  and  Pacific  Oceans. 


Fig.  174. — Morphology  of  Cluetognatha.  A,  Sag- 
itta  tricuspidata,  of  the  natural  size  :  o  One  of 
the  ovaries  ;  sp  Orifice  of  one  of  the  male  organs 
of  reproduction.  B,  Head  of  the  same,  viewed 
from  beneath  and  greatly  enlarged,  showing  the 
horny,  setiform  jaws.  (After  Saville  Kent.) 


LITERATURE. 


Gephyrea. 


1. 


4- 


:  History  of  British  Starfishes  and  other  Animals  of  the  Class  Echino- 
dermata.”  Edward  Forbes.  1841.  .  ,  c  _ 

■  Memoire  stir  l’Echiure.”  Quatrefages  ‘  Anna les  Sc.  Nat  1847. , 
‘  Ueber  Thalassema.”  Krohn.  ‘  Arch,  fur  Anat.  und  1  hysiologie. 


“  Observationes  anatomies  de  vermibus  quibusdam  mantimis, 
M  idler.  1852. 


5* 

6. 

7- 

S. 

9- 


10. 

11. 


12. 

*3- 

»4- 

!5- 

1 6. 

17- 

18. 

19- 

20. 

21. 

22. 

23- 


■  24. 
•25. 

:  26. 

*  27. 
■28. 

29. 

130. 

31. 

32. 
.33- 

*34- 

;35. 


LITERATURE  OF  ANARTHROPODA.  3J-, 

‘■Lamn  von  Pharcolo.oma. »  Selenka.  -Zeilschr.  f,i,  Wis,  Zoo,.’ 

“  KenntaiM  dor  Sipnn- 

“  tg.  die  Gaining  ^  Ehlel, 

“5m  zt  “jkTlts  °f "" 

Myzostomida. 

(“Das  GenuS  Myzostoma.”  Von  Griff 

Report  on  the  Myzostomida  ”  ‘chill  S77,', 

y  btomiaa.  Challenger  Reports.’  Vol.  x.,  1884. 

Annelida. 

“|ur  Anatomie  wn^lS  M°^'Jand°n-  lS46. 

([  Zool.  Leydig.  1S49  " '  Zeitschr.  fur  Wiss. 

J  rS£*  embryogenique  des  Hirndinfe.” 

‘"'eS,riS  hiS‘°'i“  "on  anatomi,”  Mor- 

„*b.r'S“w"  ‘Ae„n0a2“Na,0nHUt  .OTffcIh»1°“  Annelid™,” 
S,™,,eofT,,biroa.n  ■  Tran,  5^  S£''EJi„., 

wurms.”  ‘ZeS^fcWiS'zS  ,Ge|leratiSns.°tgiine  des  Regen- 

<?&*«.  l8fe 

„  W.  C.  M'Intosh  ;n  E“J’d»P*<l.a  Britannica,’  9',h  ed.  vol  ii 
Systeme  des  Annelides.”  Savigny.  1820 

:  AnnafeTsd.  Nat*  “s’j'jj”  &C'  A"dolli"  «”«'  Milne-Edwards. 
Histoire  Naturally  rl«c  a„„ziz,  >,  '  ^  °4°-54- 


“  Histoire  Naturalle  des  Annii '  »  r, 

‘‘‘DR  AF^ti>ht£^ ^“r^Grube.  1S3S. 
„  geschichte.’  1850.  •  Grllbe-  Archiv  fiir  Natur- 

:s  anatomiques  sur  les  Annelides  ”  ci  ’  1 
is  anatomiques  sur  les  Oligochetes  ”  S  ]!nC  i  lS^- 
des  Annelides  sedentairesT  Claparede  P I<S62' 
nwurmer.  Ehlers  e>  lS73- 


(i  geschichte.’  1S50. 
u  |5ecberc^es  anatomiques  s 
„  [<ecnerches  anatomiques  s 

,‘A‘oTor'l™i™jf“‘tVSen'air“C  C|ni'™ 

.■'Nordiako  HSXnn,.,!^ "MaiSoa„nCl  S 

“L« ASh,MS'!m'"  jSSST^"- in  lhe  or 

S«pplom1mr,“o''0p0de!  ■"*  GoIfe  *  Naples.  ”  Claparide.  ,S68. 


Alexander  Agassiz. 


CO  CO  c< 


MANUAL  OF  ZOOLOGY. 


18 


5. 
j7- 


38. 


“  Christiania-Fjords  Fauna.  _  Anneliden.” 
<  ‘  Gronland’s  Annulata  dorsibranchiata. 


Skriften.’  1843. 
“Report  on  the  Annelida 
xii.  M'Intosh.  1885. 


Polychseta.” 


O.  Sars.  1873. 

Oersted.  ‘  Danske  Selsk. 

‘Challenger  Reports,’  vol. 


39- 

40. 

41. 


42. 


Ch.etognatha. 


i  ( 

(  C 

(  c 

( i 


Species  of  Sagitta.”  Busk.  ‘Quart. 
Ueber  die  Entwickelung  der  Sagitta.” 

Anatomisch-physiologische  Beobachtun 

tata.”  Krohn.  1844.  „ 

Die  Chsetognatha,  eine  Monographic. 


Journ.  Microscop.  Science. 

Gegenbaur.  1857- 

gen  uber  die  Sagitta  bipunc- 

O.  Hertwig.  1S80. 


CHAPTER  XXVII. 

Arthropoda.  Crustacea. 

Division  II.  Arthropoda,  or  ARTicuLATA.-The  remaining 
members  of  the  sub-kingdom  Annulosa  are 

the  possession  jointed  appendages,  articula^ the 
thev  form  the  second  primary  division— often  called  D>  tne 
name  Articulata.  As  this  name,  however,  has  been  employ 
•  ;  a  wfder  sense  than  is  understood  by  it  here,  it  is  best  to 

adont  the  more  modern  term  Arthropoda. 

The  members  of  this  division,  comprising  the  Crustacea 
(\  obsters  Crabs,  &c.),  the  Arachmda  (Spiders  and  Scorpions), 
$ (Centipedes),  and  the  Insecta,  are  distinguished 

aS The  body  (fig-  >75)  is  composed  of  a  series  of  segments, 
arranged  along  a  longitudinal  axis  ;  each  segment  or  son  , 
occasionally,  and  some  almost  always,  being  provided  with 
articulated  ^appendages.  Both  the  segmented  H^th 
articulated  limbs  are  more  or  less  completely  protected  uy  a 
chitinous  exoskeleton,  formed  by  a  hardening  ot  the  cutic  • 

apertures,  and  communicating  with  a  perivisceral  ca  >, 


arthropoda. 


3r9 

ge'S  rfeceCo1aAedbodydbv  U  effeCted  **  ,he 

tubular  involutions  of  the  integmneM,  fi®."  ft 


°r  hM  pair  of  legs;  d  e/jrThe\  ae?  fi  P  •  of  foot-jaws  ;  c  The  great  claws 

°f  abdominal  fpjendte,  the  k-TY  *;al.kin8, ,'«■**  ■'  ''  Uk  l  m 

out  „  “  0faa11  be,n*  gr^tly  expanded  t  The  In  1  1  five  be!-n?  ‘  swimmerets,”  and 
out  appendages.  1  a  •<  l  he  last  segment  of  the  body  (telson),  with- 

,velopedbeAc°cVrdLdlto  pn  V‘b^rtile  ciIia  known  to  be  de- 
G  to  I  rofessor  Huxley,  an  additional  con- 
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stant  character  of  the  Arthropoda  is  to  be  found  in  the  structure 
of  the  head,  which  is  typically  composed  of  six  segments,  and 

never  contains  less  than  four.  _  . 

The  Arthropoda  are  divided  into  four  great  classes-  viz., 
the  Crustacea ,  the  Arachnida ,  the  Myriopoda,  and  the  Insect  a. 

Crustacea. 

Cl\ss  I.  Crustacea.— The  members  of  this  class  are 
commonly  known  as  Crabs,  Lobsters,  Shrimps,  King-crabs, 
Barnacles,  Acorn-shells,  &c.  They  are  nearly  allied  to  the 
succeeding  order  of  the  Arachnida  (Spiders  and  Scorpions) , 
but  may  usually  be  distinguished  by  the  possession  of 
articulated  appendages  upon  the  abdominal  segments,  by  the 
possession  of  two  pairs  of  antennae,  and  by  the  presence  of 
branch  icC» 

The  body  is  composed  of  a  number  of  definite  rings  or  seg¬ 
ments  (“  somites  ”),  each  of  which  may  be  provided  with  a  pan 
of  jointed  appendages.  With  rare  exceptions,  some  of  the 
somites  of  the  adult  always  carry  appendages;  and  one  01 
more  pairs  are  almost  invariably  adapted  for  mastication,  i  he 
nervous  system  of  the  embryo  has  the  typical  Annulose  foim 
of  a  chain  of  ventral  ganglia,  between  the  first  two  pairs  ot 
which  the  gullet  passes.  No  water-vascular  system  is  present 
but  there  is  generally  a  true  blood-vascular  system  I  he  hea  , 
when  present,  is  placed  on  the  opposite  side  ot  the  alimentary 
canal  to  the  ventral  nerve-chain,  and  communicates  by  valvular 
apertures  with  a  surrounding  venous  sinus— the  so-called  peri¬ 
cardium.”  When  differentiated  breathing-organs  are  present, 
these  are  always  in  the  form  of  branchiae  or  gills,  adapted  tor 

respiring  air  dissolved  in  water.  , 

In  addition  to  these  characters,  the  body  in  the  Crustace 
is  always  protected  by  a  chitinous  or  sub-calcareous  exoskel^ 
ton  or  “crust,”  and  the  number  ot  pairs  of  articulated  limbs 
is  generally  from  five  to  seven.  They  all  pass  through  a  senes 
of  "metamorphoses  before  attaining  their  adult  condition,  and 
every  part  that  is  found  in  an  embryonic  form,  even  thougt 
only  temporarily  developed,  may  be  represented  in  a  perm  - 
nent  condition,  in  some  member  of  a  lower  order. 

As  regards  the  classification  of  the  Crustacea,  the  tabular 
view  which  follows  embodies  the  arrangement  which  is  most 
generally  adopted,  and  the  diagnostic  characters  of  each  orde 
will  be  briefly  given,  a  more  detailed  descnpt.on  being  reserved 
for  the  more  important  divisions  of  the  class.  Before  proceea 
ing  further,  however,  it  will  be  as  well  to  give  a  description  of 
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the  morphology  of  a  typical  Crustacean  selecting  Hip  t  i  f 
as  being  as  good  an  example  as  any  ”g  the  Lobster 

in  (fig,'  '7S)  divided 

'hTheadf  slTTZ  Sax"a  of 

2E»nf»  srr  “r  z 

segments,  whilst  the  remaining  seven^  are Xtt^T.l  1?” 

iSSSSiifSS 

jSSsSSEVK  HSS 

and  six  abdominal  somites  *y'"  °  S‘X  cepl,al,c>  elSht  thoracic, 
different  leStSs'^d  Teir  ge"era' '  ie'v  ^  obtained  of  the 

^Snrod^^r;-"d?-"sp^^s 

constructed  on  a  common?  zoobg.lcal  illustration  of  a  class, 
istics,  but  capable  of  pnrll  ^e’  1f.tainil?S  ]ts  general  character- 
suit  the  ev  i  of  endless  mod.fication  of  its  parts,  so  as  to 
Woodward).  equipments  of  every  se])arate  species  ”— (H. 

*  jn 

t0  the  thorax^  ^oJw^eX^revaRl?/5  of  tIle  ei«ht  somites  here  allotted 
st"etly  called  the  " post-aMounA fThe'c,^^"'  be'°ng  to  what  is 
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Taking  the  common  Lobster  (figs,  t 7 5  and  I7^)  as  a  good 
and  readily  obtainable  type  of  the  Crustacea ,  the  body  is  at 
once  seen  to  be  composed  of  two  parts,  familiarly  called  the 

“  head  ”  and  the  “  tail,”  the  latter  being 
i  jointed  and  flexible.  The  so-called 

MM  “head”  is  really  composed  of  both 

the  head,  properly  so-called,  and  the 
thorax,  which  have  coalesced  so  as  to 
form  a  single  mass,  technically  called 
the  “  cephalothorax.”  The  so  -  called 
“  tail,”  on  the  other  hand,  is  truly  the 
“  abdomen.”  The  various  appendages 
of  the  animal  are  arranged  along  the 
lower  surface  of  the  body,  and  consist 
of  the  feelers,  jaws,  claws,  legs,  &c. 
The  entire  body,  with  the  articulated 
appendages,  is  enclosed  in  a  strong 
chitinous  “shell,”  or  exoskeleton,  and 
the  cephalothorax  is  covered  by  a  great 
cephalic  shield  or  plate,  which  is  termed 
the  “  carapace.” 

Each  segment  of  the  body  may  be 
regarded  as  essentially  composed  of  a 
convex  upper  plate,  termed  the  tei- 
gum,”  which  is  closed  below  by  a  flatter 
plate  called  the  “sternum,”  the  line 
where  the  two  unite  being  produced 
downwards  and  outwards,  into  a  plate, 
which  is  called  the  “  pleuron  ”  or 
“pleura”  (fig.  1 7 7)- 


Strictly  speaking,  the  composition  of  the 
typical  somite  is  considerably  more  complex, 
each  of  the  primary  arcs  of  the  somite  being 
really  composed  of  four  pieces.  "the  teign 
arc  is  composed  of  two  central  pieces,  one 
on  each  side  of  the  middle  line  of  the  body, 
united  together  and  constituting  the  “  ter- 
m,m  ”  proper.  The  superior  arc  is  completed 

r  “  Rostrum” ;  o,  Carapace  by  two  lateral  pieces,  one  ”  In 

covering  the  cephalic  and  tergum,  which  are  termed  the  epimera. 

•’ . :  -  - -  ’  ta  6-  like  manner  the  ventral  or  sternal  arc  is  com¬ 

posed  of  a  central  plate,  composed  of  two 
i  .  ,  1  ii.  _ hn«  ancl 


Fig.  176.— Lobster  with  all  the 
appendages  except  the  ter¬ 
minal  swimmerets  removed, 
and  the  abdominal  somites 
separated  front  one  another. 
-“Rostrum”;  ca  Carapace, 
e  cephalii 

thoracic  segments.  i  to  6 
The  first  six  segments  of  the 
abdomen.  No.  6  carries  the 
last  pair  of  swimmerets.  t 
Telson. 


pieces  united  together  in  the  middle  line 

1  .  .  °  . .  .  MW 


the  arc 


constituting  the  “sternum”  proper,  —  - 
being  completed  by  two  lateral  pieces,  Ltmet 

the  “episterna.”  These  plates  are  usually  more  or  less  comp e eJs 

anchylosed  together,  and  the  true  structure  °bV,eT^fireseiS  which 
is  often  shown  by  what  are  called  apodemata.  These  ate  septa 
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proceed  inwards  from  the  internal  surface  of  the  a 

more  or  less  deeply  between  the  various  organs  encSe’bvPetrtra-!ng 

?7sT  rora  liTO  "f  J"n'u™  °f  »“ <&&& c™& 

','rsh  ,he  t  is 

Lobster  IS  lirndtiro^  1-vt»  « ..  _  i 


T-'.’  .  >-'-F,““ouiorax  — ot  tin 

Lobster  is  produced  by  an  amalga¬ 
mation  of  the  various  somites  of  The 
head  and  thorax,  this  is  not  the  case 
with  the  great  shield  which  covers 
this  portion  of  the  body.  This  shield 
the  so-called  “cephalic  buckler” 
or  carapace  is  not  produced  by 
the  union  of  the  tergal  arcs  of  the 
various  cephalic  and  thoracic  seg¬ 
ments,  as  would  at  first  sight  appear 
to  be  the  case.  On  the  contrary 
he  carapace”  in  the  higher  Crus, 
tacea  is  produced  by  an  enormous 
development  of  the  tergal  pieces,  or 
the  epimera  or  one  or  two  of 
the  cephalic  segments :  the  terral 
arcs  of  the  remaining  somites  beinm 
overlapped  by  the  carapace  and  re& 
maming  undeveloped 


nf^T  "e§ment  of  the  body 
of  the  Lobster,  with  the  excep¬ 
tion  of  the  “telc^n  ”  •  1 

me  tetson,  carries  a 

individe^f'lfasa^portkm.bor^^rotopodite^lfi1^'0^^  \°^  an 

of  «»-0  diverging  branches  auZT^fJK!”’  «>• 


Fig.  177. — '] 


die*  Lobster*  ‘epar^0^  SOmite  of 
•Sternum  ;  /’  PhuT  ’_  pi  JerS"m  :  * 


of  two  h;™  •  J,  un’  or  “protopodite  ” 
o  diverging  branches  attached  to  this 

thesebr  hesi  (|the  „e“™  t0  th's 

'  e  *77’  b  ’  and  the  inner  is 

■ X‘he  ?nL,ol'“di'0”i  but  one 
“bier,  or  both,  of  these  terminal 

maTbe  > 

nliTSXJL*? (« 


ihe  outer  of 


iifs  r.  i^'-  U1  tne  lobster  (fio-.  s  ~  s 

Pointed  beakroI0"ged,  L"'  int0°a  /  ,,'8-Th«™u=.i  a 

yerhanglte  .J05  Abo  --  II 

dip  rvf  /iDout  the  mid-  the  ( --  n»  • 

furrow  /I  ?6  uCarapaCe  is  a  transverse 
marks  the  ,  cer,vlcal  groove' ”),  which 
and  thorax  b,et'veen  the  head 

from  the  cervical  ”S  backwards  extremU' 

fthe  “branchio-cardkrLon  tW>n  paralIeI  minor  furrows 
dtvision  between  the  nerfc  ^f  ^  ,whlch  indlcate  the  line  of 
Mediately  under  tin*  !!  t  ?ia  and  branchial  chambers.  Im- 
r  under  the  central  region  of  the  carapace,  included 


M.8miicmary  sKeieton  of 
the  Crustacea  (after  Milne- 
Ed  wards).  D,  Dorsal  arc :  1 1 
1  ergal  pieces  ;  c  e  Epimeral 
pieces.  V,  Ventral  arc  :  s  s 
Sternal  pieces;//  Episternal 
pieces  ;  f>  />  Insertion  of  the 
extremities. 
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between  these  two  grooves,  lies  the  heart,  while  to  the  right  and 
left  of  this  region  lie  the  gill-chambers,  formed  by  a  downward 
bending  or  reduplicature  of  the  carapace  on  each  side. 

As  regards  the  appendages  borne  by  the  various  somites 
of  the  Lobster,  the  ist  segment  carries  the  talked  eyes  (  g- 
T70  A)  The  eyes  are  “compound  —composed,  that  is  to 
say,’ of  a  number  of  separate  lens  united  together— and  the 
peduncle  upon  which  they  are  carried  may  be  regaided  as 
representing  the  protopodite  of  the  typical  appendage. 

The  2d  segment  carries  a  pair  of  small  jointed  appendages 

,  ,  _ _ rw  <{  ontpnnn  ps.  Erich  antcn- 


termed  "the  ‘Messer  antennae  ”  or  “  antennules.”  Each  “  anten- 
nule  ”  i79,  D)  consists  of  a  protopodite,  and  of  a  long 

transversely  -  jointed  expedite  and  endopodtt.  lire  upper 
Hat  face  of  the  protopodite  shows  an  oval  slit  (fig.  179,  i  ,  ), 
die  outer  lip  of  which  is  furnished  with  a  line  of  long  bnsdes 

This  is  the  auditory  opening,  and  leads  intol(a  ^  fil  6  "  „ 

fluid  on  the  hind  wall  of  which  are  long  auditory  setae, 
which  contain  filaments  from  the  auditory  nerve,  and  have 
their  apices  embedded  in  a  gelatinous  mass  containing  sih- 

CL The1 3d  segment  carries  the  long  “antennae’’  (fig-  x79»  E), 
each  of  which  consists  of  a  short  two-jointed  protopodite 
.  i^.«rr  mmiv-ininted  endopodite  and  a  ludi 


nrS'ry  exo^oditein  ^  lire  ventral 

face  of  the  basal  joint  of  the  protopodite  is  a  prominent  cornea 
tubercle  at  which  opens  the  duct  of  the  antennary  gla  d 
or  “  ereen  gland.”  The  organ  so  called  is  situated  within  the 
head? and  consists  of  a  glandular  and  a  saccular  portion;  and 
it-  L  nsuallv  regarded  as  representing  a  kidney.  _ 

The  4th  segment  carries  the  large  and  powerful  jaws  termed 
the  ‘‘mandibles.”  Each  of  these  (fig.  179,  J)  consists  of  a 
strong  protopodite  with  a  toothed  inner  edge,  without  an 
expedite,  bit  having  the  endopodite  represented  by  a  sho 
three-jointed  appendage,  the  “  mandibular  P^P-  B^ee 
the  bases  of  the  mandibles  is  the  aperture  ot  the  mouth, 
bounded  in  front  by  an  undivided  clutinous  plate  the  upper 
lip  or  “labrum"  (fig-  1 7 9,  L)  and  behind  by  a  forked  lone 

liPThe‘Tth^“«t(2nieS  another  pair  of  jaws,  known  as 
the  first  pair  of  ■■  maxillae.”  Each  of  these  (fig.  .79.  <■')  con- 
sists  of  a  bifid  protopodite  and  a  minute  unjointed  endopodite, 

n0TKh'segbmeDngt  cSrrieTufe  second  pair  of  “  maxilire,”  each 
r  h:  U  /fig  I  no,  H)  consists  of  a  quadnfid  protopodite,  mt 
out  an  eiofrodite,  but  having  a  small  undivided  endopodite. 


;onsisis  ui  a  outfit  jo......  a  c  - 

Ion0,  many -jointed  endopodite  and  a  rudi- 
.  °  .  A  r  _  - u  fin  tl-ip  vpntral 
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Attached  to  the  outer  side  of  the  base  of 


3^5 

each  of  the  second 


VT  R  I* . .  C,  Meta- 

W  waitog 1-  •l.il&f ii“  llwSiftaS10? 

s-*-  *  E^;r5«3teAsiAtesft} 


Maxillae  is  a  long,  flexible, 


spoon-shaped,  horny  plate,  termed  the 
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“  scaphognathite  ”  (sc).  This  lies  in  the  anterior  opening  of  the 
gill-chamber  on  each  side,  and  its  function  is  to  cause  a  current 
of  water  to  traverse  the  branchial  cavity  by  constant  y  bai  Imp 
water  out  of  it.  The  “  scaphognathite  represents  the  epi- 

podite”  of  the  succeeding  appendages. 

The  7th  segment  (the  last  somite  of  the  head)  carries  the 
first  of  three  pairs  of  organs  which  are  known  as  the  max, lh- 
pedes”  or  “foot-jaws,”  as  they  are  intermediate  in  their  st 
ture  between  the  jaws  and  the  walking  legs.  Each  of  the  first 
maxillipedes  (fig.  179,  I)  consists  of  a  lamellar  protopodite, 

with  a  thin  internal  edge  adapted  for  cutting, ^  a  short  two- 


with  a  tnin  mieunu  —  «r.ni,-.»\  Tt-= 

jointed  endopodite,  and  a  long  exopodite  (or  palj )• 
outer  edge  also  bears  a  long  pointed  membranous  plate,  ^  Inc 
is  termed  an  “epipodite.”  No  branchia  is  attached  to  this 

PaThef8XsegmentS(the  first  of  the  thorax)  carries  the  second 

patr  of  maxlpedes  (fig.  .79-  J>  each  of  which  cons,s,s  of  a 
protopodite,  a  jointed  endopodite,  and  a  slendei  exopodite  o 
“  palp  ”  Externally,  each  carries  also  a  membranous  epipo¬ 
dite  ”  (ej>),  to  the  root  of  which  is  attached  a  minute  branchial 

1)1  ^T he  Qth  segment  carries  the  third  pair  of  maxillipedes,  in 
many  respects  the  most  characteristic  of  all  the  appendages 
of  the  Lobster.  Each  of  these  (fig.  i79,  K)  consists  of  a  pro¬ 
topodite  continued  with  apparent  directness  into  a i  large eg 

like  endopodite,  the  inner  edge  of  the  J  “ 

serrated  and  toothed,  so  as  to  serve  by  application  to  its  tello 
on  die  other  side  as  a  cutting  organ.  The  exopodite  is  in 
the  form  of  a  slender  “  palp,”  and  the  base  o  the  append- 
ages  carries  a  membranous  “  epipodite  and  a  laise  branchia 

plume. 


The'  ,0th,  .  ith,  isth,  .3th,  and  ,4th  segme^  carry  the 


five  pairs*  of  ambulatory’  legs,  ’which  are  characteristic :  of  the 
higher  Crustaceans.  The  first  pair  of  these  are  of  very  large 
i?e  and  lenn“ate  in  a  pair  of  powerful  pincers,  constituting 
the  great  claws  or  “chela:.”  The  next  two  pairs  are  much 
more  slender,  and  terminate  in  small  and  weak  pincers  or 
“chelae.”  The  last  two  pairs  are  also  slender,  but  instead  o 
being  chelate,  they  terminate  in  simply  pointed  extremi 
/ 1'| ( r  o170  M).  All  the  walking  legs,  except  the  last  pan,  l  ave 
an ’“epipodite”  and  a  plumose  branchia  attached  to 

'“•rheisth1  segment  (the  first  somite  of  the  abdomen)  carries 

a  pair  of  singular  appendages  of  different 

sexes.  In  the  male  Lobster  these  organs  (the  claspers  ) 
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narrow  membranL  endopod^Tnd^tft. ' **"*  1 

of  “jEhch^of  S™™  *  P* 

&xs;s  d°S%r  IE5 

SjESSSHrf^f-^ 
%  an<i  tL 

r  >e'son,»  a„dris2  ^0^°^“^  £'  T*"? 

is  the  opening  of  the  anus.  &  1  Under  Slde 

As  regards  the  internal  anatomy  of  the  Lobster  the  me,  n 

into  ah^ge  gloTu^  d^f 

the  cavity  of  the  head  in  front  of  the  heart  The  E  1  °f 
divided  by  a  constriction  infn  n  •  i  ,/  ^  e  stomach  is 

telson,  with  haX  niv  anaI.  °Pening  at  the  base  of  the 
largo  bilcSd  HverbheydS«snS  2  ■«?  dlameter'  There  is  a 
just  behind  the  pylorus.  ”C1  0pen  int0  the  mtestine 

placed  dTrsallv^  iEst^’blh ^  hexaSonal  muscular  sac, 

carapace  rd  conJahied  vbh  6  C6rvical  Sroove  ”  °b  the 

smus,  known  as  the  “  pericardium  ”lembranous  bIood 
The  blood  contained  in  the  °r  .  Per*cardial  sinus.” 

gills,  and  is  therefore  irtenal  ZTS  T 1*  -?^Ved  t°m  the 
by  means  of  three  oairs  of  uni  i  1  '?•  admittecl  to  the  heart 
latter.  The  heart  is  thn  ?  VU.  ar.  s'us  in  the  walls  of  the 
bates  the  aerated  blood  u  ?yst*m,c  T  Action,  and  it  distri- 
large  arterial  trunks  noughout  the  body  by  means  of  six 
open  into  fseries  of^eno  a-ten^  end  in  capillaries  which 
ultimately  collected  into  US  S1.nu?es>  Prom  which  the  blood  is 
thc  blood  passes  to  tT  h  PTC'Pal  ventraI  sinus-  Thence 

and  from  these  organs  lasX  "h  E  a  1$  ox>’genated, 

cardium  ”  and  time  7  astu*  !t  1S  returned  to  the  “peri- 
Th  "l  nd  thus  enters  the  heart  again. 

branchiae  on  eldEsidJofd  ^  Lobstcr  consist  of  twenty 

'branchial  chamber  on  side’ orTaT*  1" f !?' "S  narr0"' 

cacn  side  of  the  cephalothorax,  and 
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covered  externally  by  the  down -bent  lateral  prolongation 
(“  branchiostegite  ”)  of  the  carapace.  The  branchial  chambers 
are  thus  entirely  outside  the  body,  and  are  open  behind,  in 


b  p  h 


b  a 


front  and  below.  Each  branchia  consists  of  a  central  stem 
carryinc r  lateral  vascular  filaments  on  each  side  in  a  plumose 

and  the  first  four  pairs  of  ambulatoiy  lea  .  -  , 

branchiae  are  attached  to  the  membrane  connecting  the  base 
o  Tes  limbs  with  the  thorax;  and  four  bmnchrre  are  a.  adred 

Z  the  sides  of  the  thorax  itself.  From  the  mode  of  attach 
ment  of  the  branchiae,  they  necessarily  participate  m  the ^move¬ 
ments  of  the  basal  joints  of  the  limbs,  thus  assisting  m 
flow  of  water  through  the  branchial  chamber,  t 
of  the  current  being  from  behind  forwards,  lhe  membrano 
“^epipodiles”  serve  to  keep  each  gill  separate  from ,ts  neigh¬ 
bours.  Moreover,  though  cilia  are  absent,  a  cuircn 
is  kept  up  by  the  rapid  to-and-fro  movement  of  the  sc 
ognathite”  oV  spoon-like  appendage  of  the  ad  max, te,  whch 
vibrates  in  the  anterior  opening  of  the  gill-chambei,  Jt  • 
poim  where  the  cervical  groove  reaches  the  lower  margin  ol 

The^exes'of  the  Lobster,  as  in  the  Crustacea  generally,  are 
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The  testes  have  essentially  the  shape  and  position  of  the 
ovaries,  but  give  origin  to  long  white  coiled  efferent  ducts 
(\asa  deferentia),  the  openings  of  which  are  placed  on  the 

effected  r  ,  sw,mmerets.  »htch  position  impregnation  is 
not  of  ;  y°“n?  l>ass  throl'S''  a  metamorphosis,  though 

s'S-ff,!?  assn* 

and  gtVes  off  nerves  .0  he  gangl,on  »  sttpra-cesophageal, 

ZT \ 

fonmng  an  ^ 

btlobed^abdomtna,  ganglia,  similarly  united  by  doubled 

intoS,h?a,rdS  the-r  Classificat'°",  the  Crustacea  may  be  divided 

ZZr T  'TheTsrofT  and'fte 

comparatively  simn^rv  !  1656  includes  a  great  number  of 
■  segments  nnH  e  Crustaceans,  in  which  the  number  of  the 

above  the  nomfil^"!?^68  1S  very  various>  sometimes  rising 
di£fc? InduTs ' ’the T* below  it.  The  second 
which  the  number  of  llg  1  y  orSanised  Crustaceans,  in 

The  Cirripedes  Lith  Se|.ments  and  appendages  is  definite, 
regarded  as  a  third  l  •  •  Rhtz°cePhaIa)  may  be  provisionally 
characterised  t  L  "ct°dmt  ^  7™  °f 

bodies  hv  y  ” 6  ,  that  t,ie  acJult  is  attached  to  foreign 

theseT/ee  d  v"f'‘T“rpl,?Sed  hMd;  T'>e  orders  included  n 
mree  divisions  are  shown  in  the  following  table 

Slb-class  I.  Anchoracephala. 

Order  i.  Cirripedia. 

Sdli-CLASS  II.  Entomostraca. 

Order  i.  Ostracoda. 

"  2-  Copepoda. 

"  3-  C/adoccra. 

"  4-  A* hyllopoda. 

"  5-  Trilobita. 

"  6.  Xiphosura. 

"  7-  Eurypterida.  j 


Legion ,  Lophyropoda. 

• Legion ,  Branchiopoda. 


[  Legion ,  Mcrostomata. 
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Sub-class  III.  Malacostraca. 
Division  a.  Hedriophthalmata. 
Order  i.  Amphipoda. 
ii  2.  Isopoda. 

Division  b.  Podophthalmata. 
Order  i.  Stomatopoda. 
ii  2.  Sell isopoda. 
it  3.  Decapod  a. 


CHAPTER  XXVIII. 

SUB-CLASS  ANCHOR  A  CEP  HA  LA . 

The  members  of  this  sub-class  are  Crustaceans  which  in  the 
adult  state  (except  the  males  of  some  forms)  are  destitute  ot 
the  power  of  locomotion,  being  fixed  by  the  metamorphosed 
head  to  the  exterior  of  other  animals  or  to  foreign  bodies. 
The  young  are  locomotive,  and  are  provided  with  eyes  and 
antennae.  Branchiae  are  wanting  or  rudimentary.  _  The  sexes 
are  united  in  the  same  individual,  with  few  exceptions. 

Order  Cirripedia. — Adult  attached ,  enclosed  in  an  integu¬ 
mentary  sac  (“  mantle-sac'")  within  which  a  many-valved  shell  is 
typically  developed.  Antenna  modified  for  adhesion.  Abdomen 
rudimentary.  Limbs  usually  present ,  in  the  form  of  six  pairs  of 
multiarticulate  cirri.  Sexes  generally  united.  Young  locomotive. 

This  sub-class  includes,  amongst  others,  the  common  Acorn- 
shells  and  the  Barnacles  or  Goose-mussels.  _  rlhe  typical  Cir¬ 
ripedia  are  distinguished  by  the  fact,  that  in  the  adult  con¬ 
dition  they  are  permanently  fixed  to  some  solid  object  by  the 
anterior  extremity  of  the  greatly  metamorphosed  head  ;  the 
first  three  cephalic  segments  being  much  developed,  and  en¬ 
closing  the  rest  of  the  body.  The  larva  is  free  and  locomo¬ 
tive  and  the  subsequent  attachment,  and  conversion  into  the 
fixed  adult,  is  effected  by  means  of  a  peculiar  secretion,  or 
cement  which  is  discharged  through  the  antenn®  of  the  larva, 
and  is  produced  by  special  cement-glands.  In  the  Cirripedia , 
therefore,  the  head  of  the  adult  is  permanently  fixed  to  some 
solid  object,  and  the  visceral  cavity  is  protected  by  an  articu¬ 
lated  calcareous  shell,  or  by  a  coriaceous  envelope.  1  he  pos¬ 
terior  extremity  of  the  animal  is  free,  and  can  be  protruded  at 
will  through  the  orifice  of  the  shell.  This  extremity  consists 
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0  the  nidmenlary  abdonicn  and  of  six  pairs  of  forked  cir- 
ia  ed  limbs,  fringed  with  hairs,  which  are  attached  to  the 
lorax,  and  serve  to  provide  the  animal  with  food.  The  two 


F,g‘^ 

times:  c  Peduncle  P  /?„/„.  //  '  A  t  .'  lj>  t  tralasma  Jissa,  enlarged  five 

D,  BatanZ ?*, f £0m  ab°Veb°f  ‘\natu?al 
mal:  a  One  of  the  valves  (“scutum  T  side  removed  to  show  the  ani- 

of  the  operculum.  (After  Darwin  aSjSS  :  3  An°ther  Va'Ve <“  terSum") 

/T7  ’mPortant  types  of  the  Cirripedia  are  the  Acorn-shells 

{LcfaMx)-  in  «« 

cement  *  T  the  larval  antennae,  through  which  the 

branmie  C<TS’  beinS  embedded  in  the  centre  of  the  mem¬ 
branous  or  calcareous  “  basis  ”  of  the  shell.  In  the  latter  ti  e 

itulum  ”S  STheCd,HandiCOnSiStS-0f  *  “peduncle”  and  a  “cap- 
the  body  with  the  ?"C COmiSts  of  the  anterior  extremity  of 
foreign  bodv  The  r  f  ante?n®,  usually  cemented  to  some 
and  consists  of  o  P‘tU  Um  ls  ;suPPorted  upon  the  peduncle, 
united  by  a  mem  hr!, ^  COm,posed  °f  several  calcareous  plates, 
The  eroiin  of  tl  encIo7sn71S  the  remainder  of  the  animal, 
that  of  the  tvnicn/ l!zoccPlala  dlffers  in  many  respects  from 
the  animal  beinrr  irnPcdes,  cement-glands  being  absent,  and 
cose,  dSvwf  frS  r,  by  means  of. branched  root-like  pro- 

the  alimentarv  °,n  1  le  nietaniorpb°sis  of  the  antennae,  while 
Alimentary  canal  and  limbs  are  absent. 

°f  the  typical  Cirripedia,  the  larva  has  the 
a Median  eye  nnd  n  #i,  S  WIt  1  an  unsegmented,  pyriform  body, 

y°ung  moults  several  r  camPaFe-  Dllri"K  its  life  ns  a  Nauplius,  the 
,aken  as  c-semplifvin  1  ,h  CSi  SeVie"  tlmeS  in  LePas  fascicularis,  which  is  here 
amplify, ng  the  development  of  the  Cirripedia  in  general)  ;  and 
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these  various  castings  of  its  integuments  are  accompanied  with  material 
changes  of  form.  When  fully  grown,  the  Nauplius  has  an  oval  or  pyriform 
body,  enclosed  in  a  carapace  provided  with  long  caudal  and  dorsal  spines. 
There  aie  three  pairs  of  limbs,  of  which  the  first  pair  (representing  the 
antennae)  are  undivided,  while  the  two  hinder  pairs  (fig.  182)  are  bifid,  and 
all  carry  natatory  bristles.  There  is  a  very  large  labrum  (fig.  1S2,  b)  placed 


Fig.  182. — Development  of  Lepasfascicularis,  A,  Early  stage  of  the  Nauplius,  show¬ 
ing  the  three  pairs  of  appendages,  of  which  the  hinder  two  pairs  are  bifurcate  :  o  Eye- 
spot  ;  b  Labrum  ;  ^Gullet ;  h  h  Lateral  horns.  B,  The  free-swimming  Cypris-stage  or 
“  pupa,”  after  the  sixth  moult,  the  antenna;  and  feet  retracted  within  the  shell :  an  l 

Antenna,  with  its  suctorial  disc,  traversed  by  the  duct  of  the  cement-gland  (eg);  I 

sg-  Shell-gland;  o  Eye;  ad  Adductor-muscle  ;  y"Feet  ;  c  Caudal  process.  Both 
figures  are  greatly  enlarged.  (After  Von  Willemoes-Suhm.) 

in  front  of  the  mouth,  and  there  is  a  well-developed  alimentary  tube,  which 
terminates  by  a  distinct  anus  at  the  root  of  the  caudal  spine.  There  is  at 
first  merely  a  simple  central  eye  ;  but  in  the  adult  Nauplius,  two  compound 
lateral  eyes  are  developed  in  addition.  Ultimately,  the  Nauplius  passes 
into  its  second  condition  or  “Cypris-stage”  (fig.  182,  IS),  when  it  is  often  1 
spoken  of  as  a  “pupa.”  It  is  now  enclosed  in  an  oval,  bivalved,  mussel¬ 
shaped  shell,  with  an  opening  along  the  ventral  margin.  The  second  and  I 
third  pairs  of  the  appendages  of  the  Nauplius  have  now  disappeared,  and 
the  first  pair  of  appendages  constitute  strong  four-jointed  antennae,  the 
penultimate  segment  of  which  is  disc-shaped,  and  is  pierced  centrally  by  a  I 
pore,  which  is  the  opening  of  the  excretory  duct  of  the  “cement-glands,” 
these  organs  being  situated  at  the  bases  of  the  antennae.  The  thorax  has 
developed  upon  its  sides  six  pairs  of  forked  natatory  limbs  ;  and  the  ab¬ 
domen  is  rudimentary,  three-jointed,  with  terminal  forked  swimming- 
appendages.  The  pupa  does  not  feed,  but  is  nourished  by  means  of  an 
extensive  accumulation  of  fatty  matter,  which  had  been  stored  up  by  the 
Nauplius  in  the  cephalic  and  dorsal  regions  of  the  body  ;  while  the  great 
labrum  of  the  latter  is  now  very  much  reduced  in  size. 

After  a  brief  natatory  life,  the  pupa  fixes  itself  by  means  of  the  disc-seg¬ 
ments  of  the  antennte  to  some  foreign  body,  such  as  a  rock,  a  piece  of  drift¬ 
wood,  the  skin  of  a  Cetacean,  a  Sponge,  the  carapace  of  a  Turtle,  or  the 
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colony  of  an  Oceanic  Hydrozoon.  The  “cement-glands  ”  secrete  copiously 
an  adhesive  cement,  which  is  poured  forth  through  the  central  apertures 
of  the  antennal  discs,  and  by  means  of  which  the  animal  is  firmly  and 
finally  fastened  down  to  the  object  to  which  it  in  the  first  place  attached 
itself.  The  body  now  becomes  enclosed  in  a  multivalve  calcareous  “  test,” 
produced  by  a  special  shell-gland.  The  organs  of  the  mouth  become  fully 
developed,  and  the  lateral  eyes  of  the  locomotive  pupa  become  rudimen¬ 
tary  or  disappear  altogether.  Lastly,  the  six  pairs  of  natatory  limbs  of  the 
Cypris-stage  are  replaced  by  the  six  forked  and  multisegmentate  “cirri  ”  of 
the  adult ;  while  the  base  of  the  abdomen  carries  the  penis,  in  the  form  of 
a  proboscidiform  appendage. 

The  form  of  the  adult,  as  already  said,  differs  considerably, 
but  the  two  most  important  types  are  those  presented  respec¬ 
tively  by  the  Sessile  and  by  the  Pedunculated  Cirripedia,  which 
together  form  the  group  of  the  Thoracica.  A  second  group  is 
that  of  the  Rhizocephala ,  the  animals  composing  which  differ 
in  many  important  respects  from  the  typical  forms  of  the 
order.  The  so-called  Abdominalia  and  Apoda  are  two  small 
groups  of  Cirripedes  comprising  certain  aberrant  types. 

Sub-order  i.  Thoracica.  —  The  Cirripedes  of  this  sub¬ 
order  are  the  well-known  Acorn-shells  and  Barnacles,  all  of 
which  have  well-developed  biramous  limbs  upon  the  thoracic 
region  of  the  body.  The  animal  may  be  attached  by  a  stalk 
(“  Pedunculate  Cirripedes,”  or  Lepadoids),  or  may  be  attached 
directly  by  the  short  larval  antennae  (“  Sessile  Cirripedes,”  or 
Balanoids). 

In  the  Sessile  Cirripedes  or  Balanidce ,  commonly  known  as 
Acorn-shells  (fig.  181,  C,  D),  the  animal  is  protected  by  a  cal¬ 
careous  shell,  formed  by  calcifications  within  the  walls  of  the 
first  three  cephalic  segments.  The  animal  is  placed  within 
the  shell,  head  downwards,  and  is  fixed  to  the  centre  of  a 
shelly  or  membranous  plate,  which  closes  the  lower  aperture 
of  the  shell,  and  which  is  termed  the  “  basis.”  The  “  basis  ”  is 
fixed  by  its  outer  surface  to  some  foreign  object,  and  is  some¬ 
times  compact,  sometimes  porous.  Above  the  basis  rises  a 
limpet-shaped,  conical,  or  cylindrical  shell,  which  is  open  at 
the  top,  but  is  capable  of  being  completely  closed  by  a  pyra¬ 
midal  lid  or  “operculum.”  Both  the  shell  itself  and  the  oper¬ 
culum  are  composed  of  calcareous  plates  usually  differing  from 
one  another  in  shape,  and  distinguished  by  special  names. 

ithin  the  shell  the  animal  is  fixed,  head  downwards.  The 
thoracic  segments,  six  in  number,  bear  six  pairs  of  limbs,  each 
of  which  consists  of  a  jointed  protopodite  and  a  much-seg¬ 
mented  exopodite  and  endopodite,  both  of  which  are  bristled, 
and  constitute  the  so-called  “  cirri,”  from  which  the  name  of 
the  sub-class  is  derived.  These  twenty-four  cirri — the  “glass 
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hand  ”  of  the  Balanus — are  in  incessant  action,  being  pro¬ 
truded  from  the  opening  of  the  shell,  and  again  retracted 
within  it,  constantly  producing  currents  of  water,  and  thus 
bringing  food  to  the  animal.  Two  folded  lamellae  in  the  in¬ 
terior  of  the  sac  of  Balanus  have  been  regarded  as  branchial, 
but  these  are  more  largely  developed  in  Coronula.  The  Cor- 
onulce  are  attached  parasitically  to  the  skin  of  whales,  and 
are  found  in  both  northern  and  southern  seas.  In  the  genus 
Verruca  the  shell  is  unsymmetrical,  and  the  pieces  of  the 
operculum,  though  movable,  are  not  furnished  with  a  de¬ 
pressor  muscle.  The  species  of  Balanus  itself  are  almost 
wholly  shallow-water  forms,  and  have  a  cosmopolitan  distribu¬ 
tion,  though  the  genus  is,  geologically  speaking,  quite  a  mod¬ 
ern  one.  The  earliest  fossil  types  of  the  Balanoids  appear 

in  the  Secondary  rocks,  and 
the  family  of  the  Verrucidce  is 
represented  in  the  Chalk. 

In  the  Pedunculate  Cirri- 
pedes  or  “  Lepadoids,”  the 
anterior  extremity  of  the  ani¬ 
mal  (figs,  i  S3  and  1S1,  A, 
B)  is  enormously  elongated, 
forming  with  the  prehensile 
antennae,  the  cement-ducts, 
and  their  exudation,  a  long 
stalk  or  peduncle,  whereby 
the  animal  is  attached  to 
some  solid  object.  The  pe¬ 
duncle  is  cylindrical,  of  vary¬ 
ing  length,  flexible,  and  fur¬ 
nished  with  proper  muscles. 
In  some  species  it  is  naked, 
but  in  others  it  is  furnished 
with  calcareous  scales.  At 
its  free  extremity  the  pe¬ 
duncle  bears  the  “capitu- 
lum,”  which  corresponds  to 
the  shell  of  the  Balanoids, 
and  is  composed  of  various  calcareous  plates,  united  together 
by  a  membrane,  moved  upon  one  another  by  appropriate 
muscles,  and  protecting  in  their  interior  the  body  of  the  animal 
with  its  appendages.  The  thorax  and  limbs  resemble  those 
of  the  Balanus ;  but  “slender  appendages,  which  from  their 
position  and  connections  are  homologous  with  the  branchite 
of  the  higher  Crustacea,  arc  attached  to,  or  near  to,  the  base 


Fig.  183. — Two  fully-grown  individuals  of  the 
common  Barnacle  ( Lepas  anatifera ),  grow¬ 
ing  upon  a  foreign  body.  /  The  stalk  of 
attachment;  c  'The  body  of  the  animal  en¬ 
closed  in  a  shell,  from  which  the  legs  can 
be  protruded. 
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of  a  greater  or  less  number  of  the  thoracic  feet,  and  ex¬ 
tend  in  an  opposite  direction  outside  the  visceral  sac  ” 
(Owen). 

All  the  Balanidic  are  hermaphrodite,  and  this  is  also  the  case  with  most 
ot  the  Lepadidit,  but  some  extraordinary  exceptions  occur  in  this  latter 
order.  Thus  in  some  species  of  Scalpellum  the  individual  forming  the 
ordinary  shell  is  female,  and  each  female  has  two  males  lodged  in  trans¬ 
verse  depressions  within  the  shell.  These  males  “are  very  singular 
bodies;  they  are  sac-formed,  with  four  bead-like  rudimental  valves  at 
their  upper  ends ;  they  have  a  conspicuous  internal  eye  ;  they  are  abso¬ 
lutely  destitute  of  a  mouth,  or  stomach,  or  anus;  the  cirri  are  rudimental 
and  furnished  with  straight  spines,  serving  apparently  to  protect  the 
entrance  of  the  sac  ;  the  whole  animal  is  attached  like  the  ordinary  Cirri- 
pede,  first  by  the  prehensile  antennae,  and  afterwards  by  the  cementing 
substance.  The  whole  animal  may  be  said  to  consist  of  one  great  sperm- 
receptacle  charged  with  spermatozoa  ;  as  soon  as  these  are  discharged 
the  animal  dies.  s  9 

...  “A-  [ar  more  singular  fact  remains  to  be  told;  Scalpellum  vuleare  is 
like  ordinary  Cirnpedes,  hermaphrodite,  but  the  male  organs  are  some¬ 
what  less  developed  than  is  usual;  and  as  if  in  compensation,  several 
short-lived  males  are  almost  invariably  attached  to  the  occludent  margin 
of  both  scuta.  ...  I  have  called  these  beings  completnental  males* to 
signify  that  they  are  complemental  to  an  hermaphrodite,  and  that  they  do 
not  pair  like  ordinary  males  with  simple  females  ”  (Darwin). 

The  Lepadoids  usually  attach  themselves  to  floating  objects 
in  the  sea,  dead  or  alive.  In  Anelasma,  the  peduncle  develops 
root-like  processes,  by  which  the  animal  is  attached  to  the 
skin  of  sharks.  The  range  of  the  Lepadoids  in  depth  is  very 
great,  the  genus  Scalpellum  occurring  at  depths  of  about  3000 
fathoms.  As  regards  their  geological  range,  the  earliest  types 
appear  in  the  Silurian  rocks  ( Turrilepas ),  and  the  group  ap¬ 
pears  to  attain  its  maximum  in  the  Cretaceous  period. 


Sub-order  2.  Abdominalia.  This  small  group  comprises  certain 
abenant  Cirnpedes  ( Cryptophialus  and  Alcippe),  which  have  a  flask-shapecl 
mantle,  without  calcareous  plates,  with  three  pairs  of  cirri  attached  to  the 
segments  of  the  abdomen.  The  sexes  are  distinct,  and  the  males  are 

fTc ,  are  attached  to  the  females,  these  latter  boring  into  the 
shells  of  Molluscs. 

Sub-order  3  Apoda.— This  includes  the  single  genus  Proteolepas,  in 
which  the  mantle-sac  is  rudimentary,  the  alimentary  canal  is  degenerate, 
there  are  no  limbs,  and  the  mouth  is  adapted  for  suction.  The  sexes  are 
united,  and  the  animal  lives  as  a  parasite  in  the  mantle  of  other  Cirri- 
pedes. 


Si  b-order  4.  Rhizocephala. — The  Cirripedes  included  in 
(is  section  are  devoid  of  segmentation,  and  have  no  limbs. 

he  mouth  and  alimentary  canal  are  wanting.  The  herma¬ 
phrodite  adult  is  parasitic,  and  is  attached  to  its  host  by 
ramified  root-like  processes,  representing  the  metamorphosed 
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antennae.  The  young  is  locomotive,  and  has  the  form  of  a 
“  Nauplius.”  * 

The  Rhizocephalci  constitute  a  peculiar  group  of  Crustaceans, 
the  adults  of  which  are  found  attached  parasitically  to  the 
abdomen  of  Crabs  and  Hermit-crabs.  The  body  (fig.  184,  B) 


A  C  ci  B 

Fig.  184.— Morphology  of  Rhizoccphala.  A,  First  larval  form  of  Sacculina  purpurea , 
greatly  enlarged.  B,  Young  of  Peltogaster  socialis  attached  to  the  abdomen  of  a 
Hermit-crab  ;  at  a  the  root-Tike  processes  of  attachment  of  one  individual  are  shown. 
C,  Body  of  Sacculina  carcini.  of  the  natural  size :  the  roots  of  attachment  not  shown. 
(A  and  B  are  after  Fritz  Muller.) 

is  sac-like,  and  non-segmented,  and  consists  of  a  muscular 
mantle  in  which  no  skeletal  structures'  are  developed,  its  only 
aperture  being  reproductive  and  closed  by  a  sphincter.  There 
are  no  limbs,  sense-organs,  or  alimentary  canal,  but  there  are 
well-developed  reproductive  organs,  each  individual  being 
hermaphrodite.  The  sac-like  body  is  kept  in  connection  with 
its  host  by  means  of  branched,  root-like  processes  of  attach¬ 
ment  (fig.  184,  B),  which  sink  deeply  into  the  tissues  of  the 
latter,  and  represent  the  modified  antennae.  By  means  of 
these  hollow  ramified  processes,  which  wind  round  the  viscera 
of  its  host,  the  animal  is  enabled  to  nourish  itself. 

The  embryos  of  the  Rhizocephala  (fig.  184,  A)  are  at  first 
“  naupliiform,”  with  an  ovate  unsegmented  body,  an  unpaired 
median  eye,  and  a  dorsal  shield  or  carapace.  The  abdomen 
terminates  in  a  movable  caudal  fork,  and  there  is  neither 
mouth  nor  alimentary  canal.  In  their  second  stage  (as  so- 
called  “pupce”),  the  young  of  the  Rhizoccphala  are  enclosed 
in  a  bivalve  shell,  the  foremost  pair  of  limbs  constitute  pecu¬ 
liar  organs  of  adhesion  (“  prehensile  antennte  ”  of  Darwin),  the 
two  following  pairs  of  limbs  are  cast  off,  and  six  pairs  ot 
powerful  biramous  natatory  feet  are  formed  on  the  thorax. 

*  The  name  of  “Nauplius”  was  given  by  O.  F.  Muller  to  the  unseg¬ 
mented  ovate  larva  of  the  lower  Crustacea,  with  a  median  frontal  eye,  but 
without  a  true  carapace  ;  and  this  name  may  be  conveniently  employed  to 
designate  all  the  larval  forms  which  agree  in  these  characters. 
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1  here  is  still  no  mouth.  The  “  pupae  ”  now  attach  themselves 
to  the  abdomen  of  Crabs,  Porcellance,  and  Hermit-crabs  :  they 
remain  astomatous  ;  “  they  lose  all  their  limbs  completely,  and 
appear  as  sausage-like,  sack-shaped,  or  discoidal  excrescences 
oi  their  host,  filled  with  ova ;  from  the  point  of  attachment 
closed  tubes,  ramified  like  roots,  sink  into  the  interior  of  the 
host,  twisting  round  its  intestine,  or  becoming  diffused  amongst 
t  ie  sack-like  tubes  of  its  liver.  The  only  manifestations  of 
file  which  persist  in  these  non  plus  ultras  in  the  series  of  retro- 
gressively  metamorphosed  Crustacea  are  powerful  contractions 
0  the  roots,  and  an  alternate  expansion  and  contraction  of  the 
body,  in  consequence  of  which  water  flows  into  the  brood- 

^Vn7, and  1S  again  exPelled  through  a  wide  orifice.”— (Fritz 
Muller).  v 


CHAPTER  XXIX. 

SUB-CLASS  ENTOMOSTRACA. 

SuB-CL^ss  II.  ENTOMOSTRACA  ( Guathopoda ,  Woodward).— 
ifle  division  of  the  Entomostracous  Crustaceans  includes  a 
arge  number  of  comparatively  simple  types,  in  which  the 
limbs  and  segments  are  usually  indefinite  in  number,  the 
tormer  either  fewer  or  more  than  fourteen,  and  the  character 


l?,6  a^pendages  is  ve7  varied-  The  limbs  are  principally 
eloped  in  the  cephalic  region,  and  their  bases  generally 
As  jaws.  I  he  characteristic  larval  form  is  that  of  a  “  nau- 
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plius.”  The  orders  of  the  Eurypterida  and  Xiphosura  (with 
the  probable  addition  of  the  Trilobita ),  here  placed  among 
the  Entomostraca ,  are  grouped  together  by  Professor  Claus 
in  a  special  section,  which  he  terms  Gigantostraca,  and  which 
he  regards  as  probably  related  to  the  Arachnida. 

The  Entomostraca  are  divided  into  three  great  divisions,  or 
legions,”  the  Lophyropoda,  Branchiopoda ,  and  Merostomata. 
Division  A.  Lophyropoda. — The  members  of  this  division 
possess  few  branchiae,  and  these  are  attached  to  the  appen¬ 
dages  of  the  mouth.  The  feet  are  few  in  number,  and  mainly 
subserve  locomotion ;  the  carapace  is  in  the  form  either  of 
a  shield  protecting  the  cephalothorax,  or  of  a  bivalve  shell 
enclosing  the  entire  body.  The  mouth  is  mostly  not  suctorial, 
but  is  furnished  with  organs  of  mastication. 

This  division  comprises  the  two  orders  Ostracoda  and 
Copepoda. 

Order  I.  Ostracoda. — Small  Crustaceans  having  the  en¬ 
tire  body  enclosed  in  a  shell  or  carapace ,  which  is  composed  of 
two  valves  united  along  the  back  by  a  membrane.  There  are 
seven  pairs  of  appendages ,  of  which  the  first  two  are  antenna, 
and  the  posterior  appendages  are  adapted  for  creeping  or 
swimming. 

The  Ostracoda  are  all  small  Crustaceans  in  which  the  body  (1 
is  enclosed  within  a  bean-shaped  or  mussel-shaped  shell,  com¬ 
posed  of  two  valves  united  along  the  back  by  an  elastic  1 
ligament  (fig.  186,  B).  The  animal  can  open  the  valves  of  < 
the  shell  along  their  ventral  margin,  and  can  protrude  the  I 
appendages  and  the  caudal  extremity  of  the  abdomen.  The  > 
first  two  pairs  of  appendages  are  antennules  and  antennae  (fig.  f 
1S6,  A),  which  can  be  used  as  locomotive  limbs.  These  are 
followed  by  a  pair  of  mandibles,  succeeded  by  a  pair  of 
maxillse ;  and  the  next  two  pairs  of  appendages  may  be  either 
jaws  or  legs.  The  sixth  and  seventh  pairs  of  appendages  are 
leg-like,  and  variously  formed  in  different  cases.  A  median  1 
eye,  or  two  lateral  eyes  are  present.  Branchial  plates  are  ! 
attached  to  some  of  the  jaws,  and  a  distinct  heart  may  be 
present  (Cypridina)  or  absent  ( Cypris  and  Cy there).  The 
young  forms  are  usually  u  naupln,  but  there  may  be  no  | 
metamorphosis.  Parthenogenesis  is  a  not  uncommon  pheno-  j 
menon  in  the  Ostracodes. 

The  Ostracoda,  often  called  “  Water-fleas,”  are  represented 
by  very  numerous  forms  both  in  fresh  water  and  in  the  sea. 
'Hie  commonest  fresh-water  types  are  the  little  Cypndes  (tigs,  j 
iSs.  cr,  and  1S6,  B).  The  marine  Ostracodes  {Cy there, 
Cypridina,  &c.),  are  mostly  shallow-water  forms,  and  are  of 
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small  size;  but  there  are  deep-sea  types  which  attain  com¬ 
paratively  gigantic  dimensions  (nearly  an  inch  in  length). 
Numerous  fossil  forms  of  the  Ostracodes  are  known,  their 


...  ab 

t  ‘S-  l86-— Ostracoda.  A,  Cypridina  Messinensis,  viewed  from  the  side,  and  greatly  en- 
inf  l  ’  °v  m  f  of  the.Jh':11  removed  ;  B,  CyPris/usca,  viewed  from  the  side, 

and  less  highly  magnified,  the  shell-valves  being  retained,  but  slightly  displaced. 
i1t.„  1  ieS’  aJl  A!?tenna: >  ?  Eye;  o'  Ocellus;  <r  Heart;  x  Stomach;  / Whip- 

Ma„H-1lPeindage  f°!i  the  retent‘°n  °l the  brood ;  ai>  Extremity  of  the  abdomen  ;  m 
Mandibular  appendage  ;  in. r,  The  first,  second,  and  third  maxillm. 


an 


m  x 


remains  occurring  in  all  formations,  from  the  Cambrian 
onward. 

Order  II.  Copepoda.— Small  Crustaceans  having  bifid 
natatory  feet ,  and  the  head  and  thorax  usually  covered  with  a 
carapace.  Two  caudal  locomotive  appendages  are  often  present ; 
nt  the  abdomen  does  not  carry  limbs.  Segmentation  is  distinct 
in  the  free  forms  ;  but  it  is  more  or  less  lost  in  the  females  of  the 
parasitic  types.  A  distinct  heart  is  sometimes  absent  (as  in  the 
Jc  o place) ;  but  is  sometimes  present.  The  young  are  mostly 
nauplii,  with  unpaired  eyes,  three  pairs  of  limbs  (the  future 
an  onnee  and  mandibles),  and  two  terminal  setm.  Next,  the 
maxi  lge  are  produced,  and  usually  three  other  pairs  of  limbs 
^  e  oot-jaws  and  the  two  front  pairs  of  natatory  feet).  At  the 
next  moult,  the  larva  assumes  the  Cyclops  form,  but  it  has  at 
rst  fewer  limbs  and  somites. 
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The  typical  Copepoda  have  the  feet  adapted  for  swimming 
(fig.  187,  B),  and  have  the  mouth  usually  fitted  for  mastication, 
while  the  segmentation  of  the  body  is  distinct.  1  hey  are  for 


the  most  part  free-swimming  locomotive  animals,  and  are  found  : 
abundantly  in  both  fresh  and  salt  water.  Amongst  the  com¬ 
monest  forms  are  the  species  of  Cyclops  (fig.  185,  c,  and  fig. 
187,  A)  in  which  the  front  of  the  body  is  covered  by  a  head- 
shield,  and  there  is  a  long  segmented  abdomen.  A  simple 
unpaired  eye  is  present,  and  the  antenna;  of  the  males  are 
employed  as  organs  of  prehension.  The  female  carries  the 
eg^s  in  a  pair  of  external  ovisacs,  and  the  young  are  often 
produced  parthenogenetically.  The  Cyclopuicc  are  almost 
entirely  confined  to  fresli  water.  Among  the  marine  types, 
the  genus  Cetochilus  may  specially  be  mentioned.  The  species 
of  this  genus  sometimes  occur  in  such  vast  numbers  as  to  dis¬ 
colour  the  waters  of  the  ocean ;  and  they  furnish  an  abundant  j 
supply  of  food  to  fishes  and  other  inhabitants  of  the  sea. 

Various  groups  of  the  Copepods  are  parasitic  in  their  habits,  j 
and  these  have  often  been  classed  together  under  the  name  ot 
Fish-lice  ( Ichthyophthira ).  All  these  forms  have  the  organs  of 
the  mouth  adapted  for  piercing  and  suction.  In  some  ot  these  I 
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parasitic  types  (such  as  Cahgus  and  Argulus),  the  adults  retain 
then  natatory  teet,  and  are  thus  not  permanently  attached  to 
their  hosts.  The  species  of  Caligus  have  a  large  shield-like 
cephalothorax,  and  attach  themselves  as  parasites  to  the  in¬ 
tegument  and  gills  of  various  sea -fishes.  In  Argulus  the 
general  form  of  the  body  is  much  as  in  Caligus)  but  the 
first  pair  ot  foot -jaws  are  converted  into  powerful  suckers 
for  adhesion.  The  species  of  Argulus  attach  themselves  to 
various  fresh-water  fishes. 

In  other  groups  of  parasitic  Copepods,  retrogressive  de- 


*  '^enlarged' aljout  eh?htP°f;  “  Cchthyoplitlura).  A,  Female  of  Tracheliastes  polycolpus, 
united  at the!  Nordmann):  Second  pair  of  maxiilipedes, 

n„; _  e-N!remUles  to  form  an  adhesive  disc-  „  -,nt,.nn»-  „ 


in  tc?^es  P^ace  to  a  much  more  marked  degree  than 

Achtho  ^)esJust  sP°ken  of.  In  the  forms  in  question  (. Lerncea , 
form  of"/  .  entc!i  US\  Tracheliastes ,  &c.),  the  young  have  the 
J  ree-swimmmg  “nauplii,”  or  of  locomotive  Cyclops - 
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like  larvte,  in  which  condition  they  possess  both  organs  of 
vision  and  natatory  appendages.  _  The  future  of  these  free 
larvee  varies  with  the  sex  of  the  individual.  The  adult  females 
r88  A  and  B)  are  parasitic  in  habit,  and  become  fixed  to 
the  skin,  gills,  or  eyes  of  fishes,  undergoing  at  the  same  time 
an  extraordinary  retrograde  change.  The  organs  of  the  mouth 
become  adapted  for  suction,  and  some  of  the  cephalic  append¬ 
ages  are  modified  for  purposes  of  adhesion.  The  locomotive 
limbs  degenerate  in  size,  or  are  wholly  lost,  and  the  eye  may 
disappear.  The  abdomen  is  reduced  in  size,  and  the  seg- 
mentation  of  the  body  is  obscured  or  lost,  the  animal  often 
becoming  more  or  less  swollen  or  deformed  (fig.  100, 

Very  commonly  there  are  appended  to  the  abdomen  two 
external  ovisacs  (fig.  188,  0)  in  which  the  eggs  are  contained 
In  some  cases  ( Lemcea )  this  change  does  not  take  place  until 
after  impregnation  has  been  effected.  On  the  other  hand,  the 
males  fig.  188,  C)  are  to  a  large  extent  exempt  from  the  re¬ 
trogressive  metamorphosis  by  which  the  females  are  affected. 
They  are  usually  dwarfed  in  size,  and  ha\e  the  genera  orm 
of  such  Copepods  as  Cyclops  ;  and  they  either  adhere  to  t  ie 
females,  or  may  even  (as  in  Lemcea)  retain  their  natatory  leet, 

and  live  a  free  life.  ,  ,  ,  • 

Division  B.  Branchiopoda. — The  Crustaceans  included  in 

this  division  have  many  branchiae,  and  these  are  attached  to 
the  legs,  which  are  often  numerous,  and  are  formed  tor  swim¬ 
ming  &  In  other  cases  the  legs  themselves  are  flattened  out  so 
as  to  form  branchiae.  The  body  is  either  naked,  or  is  protected 
by  a  carapace,  which  may  enclose  either  the  entire  body,  or  the 
head  and  thorax  only.  The  mouth  is  provided  with  organs  of 

mastication.  n,  ,  , 

The  Branchiopoda  comprise  the  Cladocera,  the  Thy/lopoda, 
the  Phyllocarida,  and  probably  the  Trilobita,  though  this  last 
departs  in  many  respects  from  the  first  three  groups. 

Order  I.  Cladocera. — The  members  ot  this  order  are 
small  Crustaceans ,  which  have  a  distinct  head,  and  have  the 
whole  of  the  remainder  of  the  body  enclosed  within  a  bivalve 
carapace.  The  feet  are  few  in  number  ( usually  four ,  five ,  or  six 
pairs),  and  are  mostly  respiratory ,  carrying  the  branch ue.  Tv  0 
pairs  of  antennas  are  present,  the  larger  pair  Iff'Sfi  /arie  stze] 
branched,  and  acting  as  natatory  organs,  lhe  qui 

the  egg  with  the  full  number  of  limbs  pioper  to  the  adult.  - 
d  stbfct  heart  (fie-  >*9.  *>  is  present,  in  the  form  of  an  ovate 
contractile  sac.  '  The  Cladocera  arc  exclusively  confined  to 

frt  th Tbaphnia  pule*  (fig-  185.  *>,  or  “  Branched-homed 
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Water-flea,”  which  occurs  commonly  in  our  ponds,  the  body 
is  enclosed  in  a  bivalve  shell,  which  is  not  furnished  with  a 
hinge  posteriorly,  and  which  opens  anteriorly  for  the  protrusion 


Fi0.  189.  Cladocera.  Bosmina  Icevis,  greatly  enlarged,  the  internal  organs  showing 
through  the  translucent  shell  :  a  Antennules  ;  an  Antenna: ;  c  Cephalic  ganglion, 
terminating  in  front  in  a  mass  of  ganglion-cells  at  the  base  of  the  antennules  ;  c 
5"  ye  ;  "i  Mandible;  z  Alimentary  canal;  g  Shell-gland  ;  h  Heart;  o  Ovum  con¬ 
tained  in  the  brood  sac;  ah  Extremity  of  the  abdomen,  with  terminal  claw-like 
appendages.  (After  Leydig.) 


of  the  feet.  The  head  .is  distinct,  not  enclosed  in  the  cara¬ 
pace,  and  carrying  a  single  eye.  The  mouth  is  situated  on 
the  under  surface  of  the  head,  and  is  provided  with  two  man¬ 
dibles  and  a  pair  of  maxillae.  The  gills  are  in  the  form  of 
plates,  attached  to  the  five  pairs  of  thoracic  legs.  The  males 
are  very  few  in  number,  compared  with  the  females,  and  a 
single  congress  is  all  that  is  required  to  fertilise  the  female  for 
i  e.  Not  only  is  this  the  case,  but  the  young  females  pro¬ 
duced  from  the  original  fecundated  female  are  able  to  bring 
iorth  young  without  having  access  to  a  male.  Two  kinds  of 
e®s  ;pccur  in  Daphma.  In  the  first  of  these,  or  “  summer 
^bSs,  the  ova  (from  ten  to  fifty  in  number)  are  deposited  in 
open  space  between  the  valves,  and  are  retained  there  until 
0  young  are  ready  to  be  hatched.  In  the  second  of  these, 
°,r.  W1nter  eggs,”  which  alone  are  fecundated,  the  ova  (gener- 
?  ^  two  *n  number)  are  placed  in  a  peculiar  receptacle,  which 
ls.  ori))ed  on  the  back  of  the  carapace,  and  is  called  the  “ephip- 
pium  or  saddle.  The  eggs  remain  dormant  through  the 
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winter,  and  are  hatched  in  spring  by  the  warmer  temperature 
of  the  water. 

Order  II.  Phyllopoda. — Crustacea,  mostly  of  small  size, 
generally  having  the  front  part  of  the  body  protected  by  a  shield¬ 
like  carapace,  or  sometimes  having  the  body  enclosed  in  a  bivalve 
shell.  The  feel  are  usually  numerous,  and  more  or  fewer  of  them 
are  leaf  like  in  form,  and  act  as  respiratory  organs.  Partheno¬ 
genesis  is  common,  and  the  young  are  hatched  in  the  form 
of  a  “  nauplius.”  All  the  recent  Phyllopods  (if  Nebalia  be 
excluded)  are  inhabitants  of  fresh  water. 

One  of  the  most  typical  genera  of  the  Phyllopods  is  Apus  (fig.  191,  B), 
in  which  the  anterior  part  of  the  body  is  covered  with  an  oval  carapace, 
carrying  a  pair  of  compound  eyes  upon  its  upper  surface  in  front.  The 
under  surface  carries  sixty  pairs  of  feet,  of  which  the  first  is  divided  into 
three  slender  whip-like  branches  on  each  side,  while  the  remainder  are 
foliaceous  and  branchial.  Apus  is  gregarious,  and  is  often  found  in  great 
numbers  in  pools  and  ditches  in  Europe,  allied  forms  occurring  in  North 
America.  Closely  related  to  Apus  is  the  genus  Lepidurus  (fig.  190,  A), 
which  is  also  found  in  the  United  States. 

In  the  genus  Linmadia  the  body  is  enclosed  in  an  oval,  strongly  bent. 


Fior.  100. — Morphology  of  Phyllopoda.  A,  Lepidurus  Angassi,  viewed  dorsally.  B, 
n  Under  side  of  head  of  the  same.  C,  Nebalia  Pipes,  one  side  of  the  carapace  being 
removed,  so  as  to  show  the  branchial  feet.  D,  Branchipus  stagnahs,  female.  E  and 
F,  Young  stages  of  the  same.  G,  A  magnified  specimen  of  Estkena,  in  its  living 
state. 

and  very  delicate  carapace,  and  there  are  usually  from  eighteen  to  twenty- 
two  pairs  of  leaf-like  feet.  In  Estheria  (fig.  190,  G)  the  body  is  protected 
by  a  mussel-shaped,  sub-ovate  carapace,  which  is  extremely  like  the  shell 
of  a  Bivalve  Mollusc,  not  only  in  shape  and  appearance,  but  also  in  hav¬ 
ing  the  valves  joined  at  their  beaks  dorsally,  and  marked  by  concentric  lines 
of’ growth.  The  species  live  in  fresh  or  brackish  water,  and  numerous 
fossil  forms  are  known,  beginning  as  early  as  the  Devonian  period. 
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Pi  the  “  hairy  Shrimps”  ( Branchipus  and  Cheirocephalus,  fie  too  D1 

,  •  /t  '3'’  l,!e  species  of  Art, mm,  often  called  “  Brine-shrimns  ” 

Sdt-W01'ks’  or  0CCU1'  in  salt  lakes  in 


unLTth""-11  h af  been  pr°P°sed  by  Packard  to  found 
under  this  name  a  special  section  of  Crustacea  for  the  recen 

non  of  the  singular  marine  genus  Nebalia  (fig.  191,  A)  which 


l  ‘g-  'S'-r-A,  Nebalia  Herbstii,  enlarged  about  three  time 
’’  Apus  cancriformis,  viewed  from  above. 


hand  to  the  t/™!  /  ~Vhe  F/iy^poda,  and  on  the  other 
marine  CnistaS ZT  '  ,  T,he  ,gemis  Nebalia  incb'd^  small 

with  a  bivalved  ^:  1Ch  ?£  body  is  covered  anteriorly 

“rostrum  ”  bdi  T6’  Produced  in  front  into  a  beak  c 
’  below  which  are  placed  two  pedunculate  eyes  (fit 


or 
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too,  C).  There  are  two  pairs  of  antennae,  and  the  jaws  are 
followed  by  eight  pairs  of  leaf-like  thoracic  feet,  succeeded  by 
a  series  of  natatory  feet,  behind  which  are  two  pairs  ot  small 
abdominal  feet.  In  the  vicinity  of  Nebaha  must  be  placed 
many  curious  fossil  Crustaceans  {Hymenocaris,  Caryocans , 
Dithyrocaris ,  Ceratiocaris ,  &c.),  many  of  which  occur  in  \ery 

ancient  fossiliferous  formations.  _  . 

Order  III.  Trilobita.— This  order  is  entirely  extinct,  none 

of  its  members  having  survived  the  close  of  the  J°Z01C 
period.  The  Trilobites  are  Crustaceans  in  which  the  body  is 
usually  more  or  less  distinctly  trilobed ;  there  is  a  cephalic  shield, 
usually  bearing  a  pair  of  sessile  compound  eyes;  the  thoracic 
somites  are  movable  upon  one  another ,  and  are  very  variable  in 
number ;  the  abdominal  segments  are  coalesced,  and  form 
caudal  shield;  there  is  a  well-developed  upper  hp  or  hypos tome . 

As  regards  the  general  structure  of  the  Trilobites,  the  body 
was  protected  by&a  well-developed  shell  or  “  crust, which 
covered  the  whole  dorsal  surface  of  the  body,  and  u  Inch  us 
ally  exhibits  more  or  less  markedly  a  division  into  three  Ion., 
tudinal  lobes  (fig.  192),  from  which  the  name  ot  the  oidei  . 
derived.  The  crust  is  composed  of  a  cephalic  shield,  genera 1  y 
crescentic  in  shape,  a  variable  number  of  [reeand  movable 
rings,  constituting  the  thorax,  and  a  caudal  shield  o  l)B 
dium  ”  the  rings  of  which  are  more  or  less  completely  anc  ry- 
losed.  On  the  under  surface  of  the  head-shield  in  front,  there 
is  situated  a  forked  or  oval  upper  lip  or  1  labrum,  which  e 
sembles  in  form  the  labrum  of  the  Phyllopodous  genus  -/• 
Recent  researches  by  Mr  C.  D.  Walcott  have  also  consider¬ 
ably  increased  our  knowledge  of  the  condition  of  the  under 
surface  of  the  body  in  the  Trilobites.  This  observer,  namely, 
has  shown  that  the  visceral  cavity  of  the  Trilobites  (fig-  *93.  f) 
was  bounded  inferiorly  by  a  thin  membrane,  which ’jf^ntral 
to  the  lower  margin  of  the  dorsal  crust  all  round.  1  his  y  entral 

membrane  was  strengthened  by  calcified  arches  whmh  in  turn 
supported  the  appendages  beneath.  As  to  these  latter 
knowledge  is  not  yet  complete,  but  we  know  that  in  some  forms 
there  existed  a  row  of  articulated  appendages  on  each  side :  0 
the  middle  line  below.  The  thoracic  appendages  seem  to  have 
been  slender  five-jointed  legs,  in  which  the  terminal  segment 
forms  a  pointed  claw,  and  the  basal  segment  carries  a  jointed 
•mnendaee  regarded  by  Mr  Walcott  as  homologous  with  the 
“^epipodfte  ’  ofmany  Jcent  Crustaceans.  On  each  sk  e  of  he 
thoracic  cavity  there  is  also  attached  a  row  ot  bifid  spir 
appendages  (fig.  .93.  *>.  «f  -he,  nature  of  gills :  -  branch, 
appendages  were  probably  attached  to  the  bases  of  the  thoracic 
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limbs  as  well.  _  With  regard  to  the  appendages  of  the  head 
the  mouth  is  situated  behind  the  hypostome,  and  is  bounded 
by  four  pairs  of  jointed  manducatory  appendages,  the  basal 
joints  of  which  are,  partly  or  wholly,  modified  to  act  as  jaws. 


The  cephalic 
semicircular  (fig. 


shield  of  a  typical  Trilobite  is  more  or  less  completely 
192,',  and  is  composed  of  a  central  and  of  two  lateral 


Fig.  192 -The  slceldon  ot  a  Trilobite  {Angelina  Sedgwickii),  partially  dissected  -\ 
Head-shield  ;  B  Movable  rings  of  the  thorax  ;  C,  Tail  or  abdomen,  g  Glabelia  (in 
this  species  without  furrows);  ft  Fixed  cheeks;  c  Eye -lobe’  o  Eve-  /■Facial 

pygidiiinfr  CheekS;  f  Head"— ;  /  Pleune;^  Anch^  of 


may,  or  may  not,  be  united  together  in 


pieces,  of  which  the  two  latter 
front  of  the  former. 

r-PJth'i-  P°rtion  is  usual]y  elevated  above  the  remainder  of  the 

cephalic  shield,  and  is  called  the  “glabella”;  it  protected  the  region  of 
nc  stomach,  and  is  usually  divided  into  from  three  to  four  lobes  by  lateral 
g  ooves.  At  each  side  of  the  glabella,  and  continuous  with  it,  is  a  small 
setmarcular  area,  called  the  “ fixed  cheek.”  The  glabella,  with  the  “  fixed 
,Z!ks>  ,IS  separated  from  the  lateral  portions  of  the  cephalic  shield— 
of  i-e  •  -l^e  movable  ”  or  “free  cheeks” — by  a  peculiar  suture  or  line 
amoVIS.IOn’  whlch  is  known  as  the  “facial  suture,”  and  is  quite  unknown 
ngst  recent  Crustacea ,  except  for  a  faint  indication  in  Limuliis,  and 
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more  or  less  doubtful  traces  in  certain  other  forms.  The  movable  cheeks 
bear  the  eyes,  which  are  generally  crescentic  or  reniform  in  shape,  are 
rarely  pedunculated  (being  never  supported  upon  movable  foot-stalks), 
and  consist  of  an  aggregation  of  facets  covered  by  a  thin  cornea.  The 


a 


Fie.  iqs. — Transverse  section  of  the  thorax  of  Calymcne  senaria ,  partially  restored 
0  (after  C.  D.  Walcott),  a  Dorsal  crust ;  b  Visceral  cavity,  continued  laterally  to  the 
pleural  margins  of  the  dorsal  crust ;  c  Legs,  restored  ;  d  Epipodite  ;  c  Spiral  gills. 
Enlarged  six  times. 


facial  sutures  may  join  one  another  in  front  of  the  glabella  in  which  case 
the  free  cheeks  will  form  a  single  piece ;  or  they  may  cut  the  anterior  mar¬ 
gin  of  the  shield  separately— in  which  case  the  free  cheeks  will  be  discon¬ 
tinuous.  The  posterior  angles  of  the  free  cheeks  are  often  produced  into 
long  spines. 

Behind  the  cephalic  shield  comes  the  thorax,  composed  of  a  variable 
number  of  segments,  which  are  not  soldered  together,  but  are  capable  of 
free  motion  upon  one  another,  so  as  to  allow  the  animal,  in  many  cases,  to 
roll  itself  up  after  the  manner  of  a  wood-louse  or  hedgehog.  The  thorax 
is  usually  strongly  trilobed,  and  each  thorax-ring  shows  the  same  triloba- 
tion,  being  composed  of  a  central,  more  or  less  strongly  convex,  portion, 
called  the  “axis,”  and  of  two  flatter  side-lobes,  called  the  “  pleura:.’ 

The  “pygidium,”  or  “tail,”  is  usually  trilobed  also,  and,  like  the 
thorax,  consists  of  a  median  axis  and  of  a  marginal  limb,  the  composition 
of  the  whole  out  of  anchylosed  segments  being  shown  by  the  existence  of 
axial  and  pleural  grooves. 

Division  C.  Merostomata. — The  members  of  this  group 
are  Crustaceans,  often  of  gigantic  size,  in  which  the  mouth  is 
furnished  with  mandibles  and  maxillee,  the  terminations  of 
which  become  walking-  or  swimming- feet,  and  organs  of  pre¬ 
hension.  Two  orders  are  included  under  the  head  of  Merosto- 
maia, — viz.,  the  recent  King-crabs  ( Xiphosura )  and  the  extinct 
Eurypterids.  By  Professor  Claus  these  orders  are  regarded  as 
forming  a  special  division  of  Arthropods,  with  relationships  to 
the  Arachnida,  to  which  lie  applies  the  name  of  Gigantostraca. 
Professor  Ray  Lankester  has  also  shown  that  there  are  various 
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remarkable  features  of  relationship  between  Limulus  and  th  > 
a"d,the  same  hits  been  b  ong h  out  by 

S  cnb»  ”  S  reSearC',eS  im°  ",e  development  Tf  the 

s-  rd  *%• 

Zfn/Zffjfff  ”"*"*”*’  “  ndi"“< '»?  ™Zs. 

pendages.  Posterior  seg¬ 
ments  of  the  body  more  or 
less  free,  and  bearing  upon 
their  ventral  surfaces  a 
series  of  broad  lamellar 
appendages;  the  felson,  or 
terminal  segment,  ensi- 


( Henry  Wood- 


fortn 
ward). 

The  Xiphosura  include 
no  other  recent  forms 
than  the  Limuli  (King- 
crabs,  or  Horse -shoe 
Crabs).  They  are  dis¬ 
tinguished  by  the  posses¬ 
sion  of  six  pairs  of  chel¬ 
ate  limbs,  placed  round 
the  mouth,  having  their 
bases  spinous,  and  offici¬ 
ating  as  jaws.  The’ an¬ 
terior  portion  of  the  body 
is  covered  by  a  broad 
horse-shoe-shaped  buck- 

ler  (fig.  194),  the  upper 
surface  of  which  bears  a 
Pair  of  large  compound 
eyes  near  its  centre,  and 
a  second  pair  of  minute 
eyes  situated  close  to¬ 
gether  in  front.  The 
head-shield  consists  of 
;S1X  amalgamated  seg- 

fthemoutT^urroundp'  n  ^  ^  *95)  is  Placed  the  aperture  of 
ihve  of  w  by  SIX  Pairs  of  limbs>  the  bases  of  the  last 

mVe  °f  Whlch  are  sPlnous>  and  officiate  as  jaws,  while  the  ter- 


F  lg'  194 •—Limulus  moluccanits,  viewed  from  the 
dorsal  aspect,  and  reduced  in  si/e. 
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minations  of  all  are  converted  into  nipping-claws  or  “  chel*.” 
The  first  pair  of  appendages  is  placed  in  front  of  the  mout 
,  1  i  c*a  oc  rAnrpQpntmcr  a,  Dciir  of  3.ntcnritG. 


Fig.  195.— Xiphosura.  Lhnnlus  folyphc- 
^  viewed  from  below.  c  The  ce¬ 
phalic  shield  carrying  the  sessde  eyes 
upon  its  upper  surface,  0  Opercu 
lum,”  covering  the  reproductive  organs, 
l,  Branchial  plates ;  a  First  pair  of  an 
tenna;  (antennules)  ending  in  che'a.. 

Below  these  is  the  aperture  of  the  mouth, 
surrounded  by  the  spiny  bases  of  ^  re¬ 
maining  five  pairs  of  appendages,  which 
are  regarded  by  Woodward  as  being  re¬ 
spectively,  from  before  backwards,  the 
great  antennae,  the  mandibles,  the  first 
maxillae,  the  second  maxilla;,  and  a  pair 
of  maxillipedes.  All  have  their  extremi¬ 
ties  chelate. 

Behind  the  cephalic  buckler  comes  a  second  shield,  composed 
of  eight  amalgamated  abdominal  segments,  and  mox  al  );1 
0  S  tn  the  hinder  margin  of  this  is  a  long  sword-like  anal 

etsed  in  4? 

carry  delicate  closely-set  leaf-like  organs  vhich  act  . 


gills. 


XIPHOSURA  :  EURYPTERIDA.  35] 

Ihe  circulatory  system  of  Limulus  is  of  a  very  high  tyne 
though  the  heart  is  tubular.  The  venous  blood,  instead  of 

diTtfssTes  7s"  to  a"]  ^  mterS,paces  and  ^untc  between 
tne  tissues,  is  to  a  large  extent  confined  within  proper  vessels 

A  remarkable  peculiarity,  also,  is  that  the  ventral  nerve  cord 

is  enclosed  within  the  abdominal  artery,  and  most  of  the  nerves 

are  similarly  ensheathed  within  the  arteries. 

ie  eggs  o i  Limulus  are  laid  in  the  sand,  and  are  fertilised 

bv  the  male.  Just  prior  to  the  time  of  hatching,  six  segments 

can  be  recognised  in  the  cephalothorax ;  the  abdomen  consists 

of  nine  well-marked  somites ;  the  bases  of  the  legs  are  ha  dlv 

lthe  fi°'Tal  sPine  is  rudZZy  t 

L  ,  fa»e  (%  1 9 7 )»  the  larva  closely  resembles  some  of  thp 
Tnlobites,  such  as  Trinucleus.  After  the 

hatching,  the  previously  existing  seg¬ 
mentation  is  soon  obliterated,  and, 
three  or  four  weeks  later,  the  telson 
assumes  the  ensiform  shape  char¬ 
acteristic  of  the  adult. 

As  regards  their  distribution  in 
space,  there  are  only  two  recent 
species  of  Limulus ,  of  which  one 
(L.  moluccanus)  is  confined  to  the 
Malayan  Archipelago  and  the  east¬ 
ern  shores  of  Asia,  while  the  other 
(L-  Polyphemus)  is  restricted  to  the 
eastern  coasts  of  North  America, 
ihey  sometimes  attain  a  length  of 
two  feet  or  more. 

have  beSTreco^fsedln' VnT sPeoies  of  Limulus 

formation  “hie  rtd  "  ,  S  a%°Id  as  the  Trks  »r  Permian 

SSjRUriESSffi** 

■  LTJ,:  EufPT™'OA.-“  Crustacea  wit!,  numerous  free 

aTZ:PZPe  tZT,n,S’,!'‘e  firS<  a"d  sm”'d  0)  T«Mek 

surfueeZe  Zna.nZ  ,.  T,  “P™  deil  ventral 

t erior  rin-'s  unit  /  •  '/  St^"le,l^s  being  devoid  of  appendages ;  an- 

\ (ocelli)  near  the  re nt°  *  ea™*aee’  bcar"T  a  pair  of  larval  eyes 
central  eyes  :  themn^l  af"1  a  />air  ff  barge  marginal  or  sub- 
0r  nietastomn  1  1  ^7!' msbed  with  abroad  post-oral  plate 

°f  which  form'Jeat^T  °f.mov?ble  appendages,  theposterior 
ygnenLextremeh  Z* ■  7ri-m?g~feet :  the  te/son’  or  teri>‘inal 
mliy  sculptured  ” (  Hemy  Wo^dwardf'  chara*™* 


ff  1P7‘  Larva  of  Limulus  on 
Hatching,  greatly  enlarged.  CAf- 
ter  Dohrn.) 
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The  Eurypterida  are  all  extinct,  and  are  entirely  confined 
to  the  Palaeozoic  period,  the  genera  Pterygotus ,  Eurypterus,  and 
Slimonia  being  characteristic  types.  Many  of  them  attained 
to  a  comparatively  gigantic  size  ;  Pterygotus  Anghcus  (fig.  196) 
being  supposed  to  have  reached  a  length  of  probably  six  feet. 
In  their  characters  they  present  many  larval  featuies,  resem¬ 
ble  the  larvae  of  the  Decapoda,  especially,  in  the  fact  that  al 
the  free  somites  of  the  abdomen  (except  the  two  anterior  ones) 
were  totally  devoid  of  appendages.  The  oldest  examples  of 
the  order  are  found  in  the  Ordovician  rocks. 


CHAPTER  XXX. 


MALA  COSTRACA. 

Sub-class  III.  Malacostraca  ( Thoracipoda ,  Woodward).— 
The  Crustacea  of  this  sub-class  are  distinguished  by  the  pos¬ 
session  of  a  generally  definite  number  of  body-segments  ;  seven 
somites  going  to  make  up  the  thorax,  and  an  equal  number 
entering  into  the  composition  of  the  abdomen  (counting,  that 
is,  the  telson  as  a  somite).  The  Malacostraca  are  divided [  into 
two  primary  divisions,  termed  respectively  the  Hednophthal- 
mata  and  the  Podophthalmata,  according  as  the  eyes  are  sessile 

or  are  supported  upon  eye-stalks.  ... 

Division  A.  Hedriophthalmata.— This  division  comprises 
those  Malacostraca  in  which  the  eyes  are  sessile,  and  the  body 
is  mostly  not  protected  by  a  carapace.  It  comprises  the  two 
orders  of  the  Isopoda  and  Amphipoda.  The  eyes  are  gener¬ 
ally  compound,  but  sometimes  simple,  and  are  placed  on  the 
sides  of  the  head.  The  head  is  almost  always  distinct  from 
the  bodv  and  the  mandibles  are  often  furnished  with  a  palp. 
Typically  there  are  seven  pairs  of  feet  in  the  adult,  hence  this 
division  has  been  called  Tetradecapoda  by  Agassiz.  In  certain 
Isopods  (Tanais)  alone  is  there  a  carapace. 

Order  I.  Amphipoda. — The  members  ot  this  older  are 
Crustaceans,  mostly  of  small  size,  in  which  the  body  is  later¬ 
ally  compressed,  and  the  thorax  consists  of  seven  segments ,  carry- 
seven  pairs  of  legs.  The  abdomen  is  mostly  well  developed , 
and  consists  of  seven  segments.  The  gills  arc  lamellar  01  vesicu¬ 
lar  and  are  attached  to  the  basal  joints  of  the  thoracic  legs. 
The  seven  pairs  of  thoracic  limbs  are  directed  partly  fonoards 
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and  partly  backwards.  It  is  from  this  latter  circumstance  that 
the  name  of  the  order  is  derived. 

In  the  typical  Amphipods  the  head  is  sharply  separate  from 


doming  t,h0r,acic  sepent-  The  three  hindmost  pairs  of  ab- 
a  natntir imbS  T  bent  backward^  and  form,  with  the  telson 
delicate  /  or., saltatorial  tail-  Respiration  is  carried  on  by 
Thl  f  l  u  f  attached  to  the  bases  of  the  thoracic  leJ 

sesmemf  fhnS  ^  f°T  °f  a  long  tube  extending  through  the  six 
to  its  interior'bVtf  *  ^  f nd  having  the  blood  admitted 

pairs  0f  I hy-  tl  ree  hairs  of  valvular  fissures.  One  of  the 
Powerful  race  l$gs  of  the  male  may  be  converted  into 
the  e±^nPraenhenSllet  “daSPers’”  a"d  the  females  carry  about 

f°™ed  **  Plat-  attached  to 

^odLdahll  hi  SmaU  Cri!Staceans  to  which  the  name  of 
same  as  in  l  ?1V.en’  th.e  general  structure  is  much  the 

is  fused  with  the  ip°ds,  but  the  first  thoracic  ring 

sed  with  the  head,  and  the  first  pair  of  legs  thus  appear 
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to  spring  from  the  under  side  of  the  head,  or,  as  it  were, 
beneath  the  throat  (fig.  199)-  Hence  the  name  of  Lasmo- 
dipoda.  In  these  forms  also  the  abdomen  is  rudimentary,  and 


the  respiratory  organs  are  in  the  form  of  membranous  vesicles 
attached  to  the  third  and  fourth  thoracic  segments.  . 

The  Amphipods  have  a  world-wide  distribution,  inhabiting 
both  fresh  and  salt  water,  or  sometimes  living  inland.  Ihe 
most  familiar  types  of  the  order  are  the  Sand-hoppers  and 
Shore  -  hoppers,  and  the  Gamman.  I  he  common  Sand- 
hopper  (Ta/itrus  locusta,  fig.  198,  A)  is  found  everywhere  on 
European  coasts,  burrowing  in  moist  sea-weed  or  in  sand 
between  tide-marks.  They  move  by  means  of  leaping,  as  do 
the  very  similar  Shore  -  hoppers  ( Orchestia ).  1  he  Gamman 
are  found  both  in  fresh  and  salt  water,  the  “Fresh-water 
Shrimp”  ( Gammarus  pulex,  fig.  198,  B)  of  our  pools  and 
streams  being  a  familiar  example.  They  swim  on  then  side. 

The  commonest  British  representatives  ot  the  Lceinodifida 
are  the  “  Spectre  -  shrimps  ”  ( Caprella ,  fig.  199),  "'Inch  aie 
found  upon  zoophytes  in  rock-pools  or  in  shallow  water 
Another  curious  type  of  this  group  is  the  Whale-louse  (Cyamus 
ceti),  which  is  parasitic  on  the  skin  of  Cetaceans. 

There  are  various  fossil  representatives  of  the  Amphipoi  a, 
of  which  the  oldest  is  the  somewhat  doubtful  Necrogammarus 

0fORDERUII.  ISOPODA.— In  this  order  the  haul  ts  always 
distinct  from  the  segment  bearing  the  first  pair  of  feet.  me 
respiratory  organs  are  not  thoracic ,  as  111  the  preceding  older, 
bid  are  attached  to  the  inferior  surface  of  the  abdomen  and  co- 
sist  of  leaf-like  branchia ,  which  tn  the  terrestrial  specus 
protected  by  plates  which  fold  over  them. 


The  thorax  is  com- 


ISOPODA. 


p°sc:d  of  seven  segments  bearing  typically  seven  pairs  of  limbs, 
which,  in  the  females,  have  marginal  plates,  attached  to  their 
bases,  and  serving  to  protect  the  ova.  The  number  of  seg¬ 
ments  in  the  abdomen  varies,  but  is  never  more  than  seven. 

le  abdominal  segments  are  coalescent,  and  form  a  broad 
caudal  shield,  beneath  which  the  branchiae  are  carried 
200,  A),  the  heart  is  sometimes  an  elongated  tube, 


(fig- 

wit  h 


;  B  Arc/urus  longkornis,  enlarge 
and  Westwood,  and  Liitken!)  ’  ^  <After  Gerstaecker,  Spence  Ba 


members  of  thic  «  'nstead  of  seven  pairs  of  limbs.  Of  th 

are  often  nanciV  0r,  ei’  nJany  are  aquatic  in  their  habits,  am 
en  parasitic,  but  others  are  terrestrial. 

'hat  rehperensented°Ubv  1 the  Isopo.ds’  one  of  the  most  characteristic  i 

:  genus  under  a  lono-  ,  ,  1  he  branchiae  are  carried  in  thi 

1  developed  from  life  ast  pab  and.  arf  protected  by  an  operculun 

Returns  ( {]„  o00  m  !  ,  °,f  abdominal  feet.  An  allied  type  i 

^  g‘  ~°°’  L)>  ln  whlch  'he  body  is  cylindrical,  and  the  young  an 
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carried  about  by  the  parent  attached  to  the  very  long  antennae.  Related 
to  the  preceding  are  the  Water-slaters  (Asellus)  of  ponds  and  lakes  ;  and 
in  the  neighbourhood  of  this  must  be  placed  the  singular  Limnona  tere¬ 
brans,  well  known  for  the  destruction  which  it  produces  by  boring  into  the 
wood-work  of  piers  and  other  structures  placed  in  the  sea. 

Another  group  is  that  of  the  Fish-slaters  ( Cymothoida ),  in  which  there 
is  generally  a  wide  abdomen.  Cymothoa  itself  is  parasitic  upon  fishes  , 
but  the  remarkable  genus  Serolis  (fig.  200,  C)  comprises  free-living  forms,, 
which  have  a  curious  resemblance  in  shape  to  the  Trilobites.  These  forms 
are  marine,  as  likewise  are  the  Bullet-slaters  ( Spharoma ),  which  have  the 
power  of  rolling  themselves  up  into  a  ball.  ... 

The  family  of  the  Bopyruhe  includes  a  number  of  Isopods  which  live 
parasitically  in  the  gill-chambers,  or  attached  to  the  ventral  surface,  ot 
certain  of  the  Decapod  Crustaceans,  such  as  the  Shrimps  and  the  Prawns. 

A  very  exceptional  type  is  represented  by  the  Cheliferous  Slaters  (Jatiais), 
in  which  (as  in  no  other  Isopods)  a  carapace  is  present,  the  lateral  parts  o 
which  are  highly  vascular,  and  serve  as  respiratory  organs,  while  the 
abdominal  feet  are  used  in  swimming,  and  have  no  branchial  function. 

The  only  other  family  of  the  Isopods  which  need  be  mentioned  is  that 
of  the  Wood-lice  and  Rock-slaters  {Oniscidce).  In  this  group  the  endopo- 
dites  of  the  abdominal  feet  are  branchial,  while  the  exopodites  act  as 
opercula  to  these.  The  Wood-lice  [Oniscus,  fig.  201)  are  terrestrial  in 
K  their  habits,  but  live  in  places 

where  the  air  is  moist.  The 
nearly  allied  genus  Armadillo 
has  the  power  of  rolling  itself 
into  a  ball,  and  presents  the 
curious  feature  that  the  opercula 
of  the  anterior  abdominal  limbs 
are  provided  with  internal  air- 
chambers.  Lastly,  the  common 
Rock-slaters  [Ligia)  live  among 
stones  between  tide-marks. 

Many  Isopods  undergo  an  ex¬ 
tensive  metamorphosis.  “  In 
some  Fish-lice  ( Cymothoa )  the 
young  are  lively  swimmers,  and 
the  adults  are  stift,  heavy,  stupid 
fellows,  whose  short  clinging  feet 
are  capable  of  little  movement. 
In  the  Bopyrida  the  adult  fe¬ 
males  are  usually  blind,  the  an- 


1'ig.  201.— Isopoda.  Wood-lice  {Oniscus),  twice 
the  natural  size. 


tennoe  are  rudimentary,  and  the  abdominal  appendages  from  natatory  be¬ 
come  respiratory  organs.  The  males,  on  the  other  hand,  are  dwarfed,  and 
sometimes  lose  all  the  abdominal  appendages,  and  all  traces  of  segmenb 
lion  •  until  we  get  forms  which,  like  Cryptoinscus  planarioides,  would 
be  regarded  as  a' Flat- worm  rather  than  an  Isopod,  if  its  eggs  and  young 
did  not  betray  its  Crustacean  nature  (Fritz  Muller). 

Division  B.  Podophthalmata. — The  members  of  this  divi¬ 
sion  have  compound  eyes  supported  upon  movable  stalks  or 
peduncles,  and  the  body  is  always  protected  by  a  cephalo¬ 
thoracic  carapace.  Most  of  the  Podophthalmata  pass  through 
Zoea-stages  in  their  development.  1  he  division  comprises  the 
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^  St°mat°P°da'  Schizopoda,  and  Decapoda,  of 
'  .  1  t!ie  last  deludes  the  most  highly  organised  and  most 

familiar  examples  of  the  class  Crustacea. 

Order  I.  Stomatopoda  (or  Stomapoda).— The  Crusta¬ 
ceans  of  this  order  have  «  short  cephalothoracic  carapace,  which 

d°*l  /'  0tcctt}c  Jllnder  segments  of  the  thorax.  There  'are  five 

pain  of  maxilhpedes,  and  three  pairs  of  thoracic  legs.  The 
lamina  are  not  enclosed  in  a  cephalothoracic  gill-chamber  on 

'feet  SlllJ  a'  e  m  tkef°rm  °f  tl,fis  Cached  to  the  abdominal 
cf  7^  vP°rSSeSS10n  °f  P^nnculate  eyes  distinguishes  the 
Stomatopoda  from  the  preceding  orders  of  Crustaceans.  The 
development  has  not  yet  been  thoroughly  investigated. 

•  let  on!y  group  of  Crustaceans  now  included  in  this  order 

species  01  which  are  inhabitants 
of  the  sea.  In  the  Squillce  the 
carapace  is  small,  and  does  not 
cover  the  posterior  half  of  the 
thorax.  The  eyes  and  antennae 
are  attached  to  a  somite  which  is 
not  soldered  to  the  cephalothorax. 

I  he  branchiae  are  attached  to  the 
first  five  pairs  of  abdominal  feet. 

Ihe  three  posterior  thoracic  and 
he  abdominal  appendages  are  in 
the  form  of  “  swimmerets,”  and 

fuffin  ^  CXpanded  int0  a  P°wer- 

T  he  Stomatopoda  are  doubtfully 
represented  by  fossil  forms  in  the 
carboniferous  rocks ;  but  unques¬ 
tionable  examples  of  the  order  ap- 
1  ear  in  the  Jurassic  formation. 

Order  II.  Schizopoda.— This 
order  has  been  established  for  the 

theif^ir  ShriTPS-  (Mysis)  and 
0f,m  11  !eS’  including  a  number 
small  Crustaceans,  which  are  in 
hv  ]  respects  intermediate  be- 

Decafiodn  Kilt  ,1  ,  ^  P 


I’  ig.  202.  Squil la  mantis,  the  Locust 
Shrimp. 


Decn*  7  x  Kjtumai0P°aa  and  the 

latter  ar®  upon  the  whole  most  nearly  related  to  the 

are  eight  on  cac/Plfd^T*  °f  this.  °rder’  t/,c  thoracic  limbs 
and  endopodi/  >  (f  ^  °re  Prov!ded  each  with  an  exopod ite 
tion.  4  cefii.S  A  2°^)’  t/lf  exopodites  being  natalorv  in  func- 
A  CePhal°thoraac  shield  is  present,  and  there  is  usually 
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only  a  single  pair  of  maxtllipedes.  The  gills  ate  attached  to 
the  thoracic  legs,  or,  exceptionally,  to  the  abdominal  feet.  The 
ora  are  carried  beneath  the  thorax  of  the  female,  usually  in  a 
marsupial  pouch  formed  by  leaf  like  plates  produced  from  the 

bases  of  the  legs  (fig.  203,  in).  _ 

The  Schizopods  are  distinguished  from  the  Decapods  by  the 


Fig.  2o3.--‘  Opossum  Shrimp”  »  Marsupud  pouch. 

larger  number  of  the  thoracic  limbs,  and  by  the  fact  that  these 
uoDendages  have  well-developed  exopodites,  as  we  1  as  by  the 
fart  thatSthe  gills  are  not  carried  in  branchial  chambers  formed 
by  a  downwafd  prolongation  of  the  aider  of  the  carapace  In 
t and  its  allies  true  branchtre  are  wanting.  ''  the 
£  exception  of  the  Mysis  relicta  of  the  great  lakes  of 
Sweden  and  North  America,  all  the  Schizopods  are  inhabit¬ 
ants  of  the  sea,  extending  their  range  to  consideiable  dept  s. 
No  undoubted  fossil  examples  of  the  order  have  been  yet 

Ji  Obduk'hI.  Decapoda.— The  members  of  this  order  are 
the  most  highly  organised  of  all  the  Crustacea,  as  well  as  bein„ 
Aose  which  are  most  familiarly  known,  the  Lobsters  Crabs 
Shrimps  &c.,  being  comprised  under  this  head,  lot  tie  m 
.  are  aquatic  in  their  habits,  and  they  are  usually  pro¬ 
le  by  strong  resisting  shells.  There  is  always  a  com¬ 
plicated  set  of  “  gnathites,”  or  appendages 

ZfirslfJ-andcfJsomc  Me, ■  pairs  behind  tbis-bang 
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“chelate,”  or  having  their  extremities  developed  into  nipping-claws. 

ic  bronchia  are  pyramidal ,  and  arc  contained  in  cavities  at  the 
side  of  the  thorax.  The  carapace  is  large,  covering  the  head  and 
thorax  and  the  anterior  part  of  the  abdomen.  The  heart  of  the 
<ut/V,  a  is  in  the  form  of  a  more  or  less  quadrate  sac,  fur¬ 
nished  with  three  pairs  of  valvular  openings.  As  regards  the 
development  of  the  Decapods  enormous  differences  obtain 
ev  ™  am°ngSt  f°rms  Very  close,y  allied  to  one  another. 

Ihe  Decaf  oda  are  divided  into  three  tribes,  termed  respec- 
lvdy  the  Macrnra,  Anomura ,  and  Brachyura,  and  charac¬ 
terised  by  the  nature  of  the  abdomen. 

in  Thi Ak  Macrura;— ' The  “long-tailed”  Decapods  included 
in  this  tribe  are  distinguished  by  the  possession  of  a  well- 

developed  abdomen,  often  longer  than  the  cephalothorax,  the 

or  ?andniefi  mlty  ^  f0ms  a  p0Werful  natatory  organ 
or  caudal  fin.  As  regards  the  development  of  the  Macrnra, 

X  ,nPfear  a  firSt.m,the  form  of  “  Zoeie  *  but  there  is 
ttle  metamorphosis  in  the  common  Lobster,  and  there  is  said 
o  e  none  in  the  Cray-fish  ( Astacus  fhiviatilis).  Fritz  Miiller 
agam,  has  shown  that  the  primitive  form  of  one  of  the  Shrimps 
(/W)  is  that  of  a  “Nauplius.”  Lastly,  the  young  of  the 

resemblm^sT  {Palmu™s .vulS*ris)  are  transparent  Phyllosomce, 
esem filing  Stomatopods  in  appearance. 

is  ST®  5  tHe  m?SVypicRl  forms  of  the  Macrurous  Decapods 
tie  common  Lobster  (Horn ar us  vulgaris),  the  general  ana- 

oHL  Lobsm  '^T  alr,ea<,ly  bri^fly  described.  °The  young 

arlnli  l  t  ^  .hatched  are  in  ™any  respects  like  the 

adult,  but  the  thoracic  legs  have  natatory  exopodites  (as  is 

permanently  the  case  in  the  Schizopods),  and  there  are  no 

fave°theacnaPPendageSi:i  The  “  SpinV  lobsters"  (JZliZus) 

tr  the  carapace  prickly,  and  none  of  the  thoracic  legs  have 
chelae  the  first  alone  having  rudimentary  pincers  The 

grSn2l^°ob;ter  (f«  0,1  thc  othe/Ld!  has  Ae 
g  chelae  of  exceptional  length.  The  Prawns  (. Palamon ) 

different  to° X?  ad uft  ft  “  the  egg  in  a  ^  form  so 

under  the  name  of  7  ,  r  '  .on£lnaHy 'described  as  a  distinct  animal 
with  the  five  nairs  of  iLc  ”  thlS  f‘ag?  20 the  thoracic  segments 
quite  rudimentary  The^Mo0^  l°  fhe  .fdu,t  are  either  wanting  or  are 
the  latter  ft  y‘  ,  r  abdomen  and  tail  are  without  appendages,  and 

natX  forked  K  a^  Z*'*  rn  F*  foot-jaws  «•  ia  ‘^for’m  of 
no  branch the  mandlble  has  no  palp.  Lastly,  there  are 
pace.  The  “  ft  0"  “  cfrrned  hy  the  lateral  parts  of  the  cara- 

mented  bodv  L  •  S  ?el,arated  from  the  “  Nauplius  ”  by  having  a  seg- 
carapace  TiC  r  gC  Paired  eyes  (sometimes  with  a  median  eye),  and  a 
moults  cons  m;nrm  pr°P9‘ lo  the  adult  is  not  attained  until  after  several 
hy  very  gradual  stages26"111”6  metarnorPhosis,  though  one  which  is  effected 
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and  Shrimps  ( Crangon )  are  other  common  types  of  the  marine 
Macrura.  The  fresh-water  forms  of  the  Macrurous  Decapods 
are  commonly  known  as  Cray-fish.  The  common  European 
Cray-fish  ( Astacus fluviatilis ,  fig.  204)  is  in  all  essential  respects 


Fig.  204. — The  common  Cray-fish  (Astacus  fluid- 
atilis ),  viewed  from  below,  a  Antennules;  b 
Antenna; ;  c  Eyes  ;  d  Opening  of  antennary 
gland  ;  e  Last  pair  of  foot-jaws  ;/One  of  the  great 
chela;:  g  Fifth  thoracic  limb;  A  Swimmerets ; 
i  The  last  pair  of  swimmerets ;  j  The  opening 
of  the  anus  below  the  lelson. 


Fig-  205.  —  Gnathites  of  the 
Cray -fish  (Astacus  fluvia¬ 
tilis').  a  Mandibles;  b  Max- 
ill®  :  c  Second  pair  of  max- 
lila: ;  d  First  pair  of  foot- 
jaws  ;  c  Second  pair  of  foot- 
jaws  :  f  Third  pair  of  foot- 
jaws. 


similar  in  its  characters  to  the  common  Lobster,  but  the  last 
thoracic  segment  is  partially  free,  and  the  scale  which  repre¬ 
sents  the  exopodite  of  the  great  antennae  is  of  comparatively 
lace  size  •  while  there  are  other  less  noticeable  structural  dif¬ 
ferences  as  well.  The  Cray-fishes  of  North  America,  east  of 
the  Rocky  Mountains,  have  been  referred  by  Professor  Huxley 
to  a  separate  genus  ( Cambarus ).  In  the  Cray-fishes  of  the 
south  hemisphere  (Parastacida)  the  first  abdominal  segment  is 
destitute  of  any  appendage.  As  regards  their  development, 
there  does  not  seem  to  be  any  metamorphosis  properly  so- 
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called  in  the  Cray-fishes,  the  young  when  hatched  differing 
lrom  the  adult  in  minor  characters  only. 

Iribe  B.  Anomura. — The  Decapods  which  belong  to  this 
tribe  are  distinguished  by  the  condition  of  the  abdomen,  which 
is  neither  so  well  developed  as  in  the  Macrura,  nor  so  rudi¬ 
mentary  as  in  Crabs.  I  lie  last  pair  of  thoracic  limbs  are  re¬ 
duced  in  size.  Further,  the  abdomen  does  not  terminate 
posteriorly  in  a  caudal  fin,  as  in  the  Lobster.  The  develop¬ 
ment  in  the  Anomura  appears  invariably  to  take  place  through 
Zoea-forms. 

The  entire  group  of  the  Anomura  must  be  regarded  as  an 
artificial  assemblage,  composed  of  modified  forms  of  both  the 
Macrura  and  the  Brachyura. 

The  most  familiar  of  the  Anomura  are  the  Hermit-crabs 
( PagundcB ).  In  the  common  Hermit-crabs  (Pagurus)  the  ab¬ 
domen  is  quite  soft,  and  is  merely  enclosed  in  a  membrane, 
so  that  the  animal  is  compelled  to  protect  itself  by  adopting 
the  empty  shell  of  some  Mollusc,  such  as  the  common  Whelk’ 
which  it  changes  at  will  when  too  small.  The  anterior  ab¬ 
dominal  appendages  are  wanting,  but  rudimentary  feet  are 
devdoped,  often  on  one  side  only,  at  the  hinder  end  of  the 
abdomen,  and  by  means  of  these  the  animal  is  enabled  to 
letain  his  position  within  his  borrowed  dwelling.  One  of  the 
cheke  is  bigger  than  the  other,  and  acts  as  a  kind  of  stopper  to 
the  mouth  of  the  shell,  when  the  Hermit  is  withdrawn  within  it. 

Allied  to  the  Paguri  are  various  Hermits  which  are  ter- 


Eg.  206.  Hermit-crab  ( Canobita )  in  its  borrowed  shell.  After  Morse. 


Cirwi^  *n  *Teir  habits,  and  often  live  far  away  from  the  sea. 
bitrp  fX^nTCS  lhese  Land-hermits  are  the  common  Cccno- 
«  01  the  tropics  (fig.  206),  which  protect  themselves  within 
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the  shell  of  some  terrestrial  Mollusc  The  Tree-crabs  (Bir 
inis)  also  live  inland,  and  are  stated  to  climb  trees-  t 


pus)  also  live  lniciiiu,  ^  . 

“  Plated  Lobsters”  ( Galatfiea )  are  not  unlike  Cray-fish  in 

general  appearance,  but  the  last  pair 

mentary.  On  the  other  hand,  the  “Crab-lobsters  (Potcel- 
Tala)  and  the  “  Stone- crabs  ”  (Lithodcs)  have  the  abdomen 
bent  under  the  thorax,  and  thus  approach  the  true  ia  s  in 

geSBETCBRACHVDRA.-The  “  short-tailed"  Decapods  or 
Crabs,  are  distinguished  from  the  two  preceding  tribes  by  the 
rudimentary  condition  of  the  abdomen,  which  is  very  short, 
and  is  tucked  up  benea*  the  cephalothorax ^  the =  hatter  being 
disproportionately  large.  1  here  is  no  earn  a  ,  - 
are  from  one  (males)  to  four  (females)  pairs  of  abdominal 
appendages,  which  are  employed  by  the  females  in  carrying 


Fig.  207. — Brachyura. 


The  Spiny  Spider-crab  (Main  squinado). 


vith 


an 
( 


the  ova.  The  Crabs  (fig.  207)  are  mostly  furnished  " 
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all  the  essential  points  of  their  anatomy  the  Crabs  do  not 
difler  from  the  Lobster  and  the  other  Macrura;  but  they  are 
decidedly  higher  in  their  organisation.  This  is  especially  seen 

;  theVrTh11-10"  the  nerV0US  S^stem-  *e  ventral  ganglia 
m  the  Crab  being  concentrated  into  a  single  large  ganglion 

nThe  I^dneTU^kmentS  f6  S6nt  t0  l»rts  of  the  body. 

there  i^moSbnl  ^ra""'f)  respiration  is  by  branchiae,  but 
here  is  almost  always  an  aperture  behind  the  carapace  for 

the  admission  of  air.  They  are  distributed  over  the  warm 

countries  of  the  Old  and  New  Worlds,  as  well  as  Australia 

wy  are,essential {[y  terrestrial  in  their  habits,  and  migrate  in 

the  true  GecaraM,  membem°^  families 

^o^:s\S£itly  on  dry  land> and  * a^- 

chamber.  Amongst  these 
are  the  Calling-crabs  (Gcla- 
simus)  and  the  Sand-crabs 
( Ocypoda). 

Reproduction  in  the 
Crabs  is  the  same  as  in 
the  Macrura ,  but  the  larva 
is  exceedingly  unlike  the 
adult,  and  approximates 
closely  to  the  type  of  the 
Macrura,  another  proof 
that  the  Brachyura  stand 
higher  in  the  Crustacean 
scale.  The  larval  Crab  was 
originally  described  as  a 
distinct  animal,  under  the 
name  of  Zoea  (fig.  20S), 
presenting  in  this  condition 
a  long  and  well-developed 
:  abdomen.  It  is  only  after 
several  successive  moults 
that  the  young  Crab  as¬ 
sumes  its  characteristic 
.  chyurous  form,  and  ac¬ 
quires  by  gradual  changes 
.  Matures  which  distin- 

EUed  £“!!•  The  ^  0f  the  Crabs  are  usually  dis- 

ithe  carapace  °f  ,ong  sPlnes  developed  from 

enveloped  -n  a  l  m  l,berated  from  the  W  *0  Zoea  is 
1  -  m  a  larval  skin  or  membrane,  which  is  shed  in  a 


Fig'  20/8WZoea  of  the  sPiny  Spider-crab 
{Mnia  sgumado),  enlarged. 
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few  hours.  From  its  Zoea-stage,  the  young  Crab  passes  into 
what  is  known  as  the  “  Megalopa-stage.”  In  this  phase  of  its 
development,  there  are  two  pedunculated  eyes,  the  cepha  o- 
thorax  is  rounded,  and  the  proper  five  pairs  of  ambulatory 
limbs  are  present.  The  abdomen  is  well  developed,  and  pro¬ 
jects  backwards,  its  hinder  segments  being  furnished  with 
natatory  appendages.  At  its  final  moult  the  abdomen  be¬ 
comes  tucked  up  underneath  the  cephalothorax.  Among  t  ie 

Land-crabs,  the  young  of  Gecarcinus  appear  to  pass  througi 
no  metamorphosis ;  but  in  some  of  the  Gecarcinid.cz  the  larval 
pass  through  Zoea-stages. 

Among  the  common  British  forms  of  the  Brachyura  are  the 
Shore-crab  (Carcinus  mamas),  the  Edible  Crab  ( Cancer pagurus), 
the  Spider-crabs  (Maia  and  Hyas ),  the  Swimming-crabs  (  'or- 
tunus),  and  the  Pea-crabs  (Pinnotheres).  These  last  live  as 
commensals  in  the  interior  of  the  Horse-mussel  and  other 

Bivalve  Molluscs.  ,  ^ 

As  regards  the  distribution  of  the  Decapod  Crustaceans  in 
time,  the  Macrura  are  known  to  have  commenced  their  exist¬ 
ence  as  early  as  the  Devonian  or  Carboniferous  ;  and  they 
attain  their  maximum  as  fossils  in  the  Mesozoic  period.  Lit 
is  known  as  to  the  geological  distribution  of  the 
few  Brachyurous  forms,  more  or  less  problematical  it 1  e  . 
nature,  have  been  indicated  as  occurring  in  Palaeozoic  strata 
but  various  undoubted  Crabs  have  been  recognised  in  Mesozoic 
deposits,  and  the  tribe  is  well  represented  in  1  ertiar>  rocks. 
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CHAPTER  XXXI. 

ARACHNID  A. 

Class  IE  Arachnida. — -The  Arachmda  including  the 
Spiders,  Scorpions,  Mites,  &c.—  possess  almost  all  the  essen¬ 
tial  characters  of  the  Crustacea ,  to  which  they  are  very  closely 
allied  Thus,  the  body  is  divided  into  a  variable  numbti 
somites,  some  of  which  are  always  provided  with  articulated 
appendages.  A  pair  of  ganglia  is  primitively  developed  in 
each  somite,  and  the  neural  system  is  placed  ventrally.  lhe 
heart,  when  present,  is  always  situated  on  the  opposite  side  ot 
the  alimentary  canal  to  the  chain  of  ganglia.  1  he  respiratory 
organs,  however,  whenever  these  are  differentiated,  are  neiei 
in^the  form  of  branchiae  as  in  the  Crustacea, ,but  are :  in  the 
form  either  of  pulmonary  vesicles  or  sacs,  or  of  ramified  tubes, 
formed  by  an  involution  of  the  integument,  and  fitted  toi 
breathing  air  directly.  Further,  there  are  never  more  than 
four  pairs  of  ambulatory  limbs,  and  no  locomotive  appendages 
are  developed  upon  any  of  the  abdominal  segments.  Antennae 
are  not  present  (as  such),  and  the  eyes  are  simple  and  sessi  le. 
The  head  and  thorax  are  united  to  form  a  cephalothorax  (the 
thoracic  segments  in  rare  cases  remaining  free),  and  in  some 
cases  the  cephalothorax  is  fused  with  the  abdomen. 

'  Speaking  generally,  therefore,  the  Arachnida  are  distin¬ 
guished  from  the  Crustacea  by  the  possession  of  four  pairs  ot 
walkinu  lues,  lhe  want  of  locomotive  appendages  on  the  ab- 
domenf  and  the  absence  of  antenna;  wh.le  lhe  breathing. 
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organs  (when  differentiated)  are  adapted  for  breathing  air 
directly,  and  are  never  in  the  form  of  branchiae. 

In  many  of  the  Arachnida  the  integument  remains  soft  over 
the  entire  body ;  in  others,  as  in  the  majority  of  Spiders,  the 
abdomen  remains  soft  and  flexible,  whilst  the  cephalothorax 
is  rnoie  01  less  hard  and  chitinous;  in  the  Scorpions,  again, 
the  integument  over  the  whole  body  forms  a  strong  chitinous 
shell.  1  he  cephalothorax  may  be  segmented  ( Solpugidce ),  and 
the  abdomen  may  or  may  not  be  segmented.  Though  four 
pairs  of  legs  are  typically  present,  the  first  is  often  regarded  as 
homologous  with  the  labial  palpi  of  the  In  sat  a. 

1  he  typical  somite  of  the  Arachnida  is  constituted  upon 
exactly  the  same  plan  as  that  of  the  Crustacea ,  consisting 
essentially  of  a  dorsal  and  ventral  arc  ;  the  former  composed 
of  a  central  piece,  or  “tergum,”  and  of  two  lateral  pieces,  or 
epimera  ;  whilst  the  latter  is  made  up  of  a  median  “  ster¬ 
num  and  of  two  lateral  “  episterna.” 

As  regards  the  composition  of  the  cephalothorax  of  Spiders, 
the  tergal  elements  of  the  coalesced  segments  are  wanting 
and  the  back  of  the  thorax  is  protected  by  the  elongation,  con- 
\ ergence,  and  central  confluence  of  the  epimeral  pieces;  the 
sternal  elements  have  coalesced  into  the  broad  plate  in  the 
centre  of  the  origins  of  the  ambulatory  legs,  from  which  it  is 
separated  by  the  episternal  elements.  .  .  .  The  non-develop¬ 
ment  of  the  tergal  elements  explains  the  absence  of  wings  ” 
(Owen).  & 


The  mouth  is  situated,  in  all  the  Arachnida,  in  the  anterior 
segment  of  the  body,  and  is  surrounded  by  suctorial  or  mas¬ 
ticatory  appendages.  In  the  higher  Arachnida,  the  mouth  is 
prouded  fionr  before  backwards  with  the  following  appendages 
(tig.  209) :  1.  A  pair  of  “  chelicerae,”  “  falces,”  or  “  mandibles,” 
used  for  prehension  ;  2.  A  pair  of  “  maxillae,”  each  of  which 
is  provided  with  a  long  jointed  appendage,  the  “maxillary 
l)a  P  j  3'  A  lower  lip,  or  “labium.”  In  the  Scorpion,  an 
upper  lip,  or  “  labrum,”  is  also  present.* 

*nfth.(r  !°'ver  Arachnida,  the  organs  of  the  mouth,  though 
•  3en  la  y  * le  same  us  in  the  higher  forms,  are  often  enveloped 
a  sheath  formed  by  the  labium  and  maxillae,  whilst  the 


^^J»Ln0-menC  at,Ure  ordlnarl,y  applied  to  the  parts  of  the  mouth  in  the 
the  /J  ,  1S  a  "^leading  one,  so  far  as  the  homologies  of  this  class  with 
ante,i„Z  a*utec fonce™e,d-  Thus  the  so-called  “mandibles  ”  are  really  the 
Scomirm’  t  le  mandibles  ”  themselves  are  absent,  but  the  “  chelae  ”  of  the 
Pair  of  ;S  ma^  Pei’llaps  represent  the  “  mandibular  palpi” ;  whilst  the  first 
Pair  of  probably  correspond  with  the  “labial  palpi,"  and  the  second 
egs  may  possibly  be  a  modification  of  a  second  pair  of  palps. 
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mandibles  are  often  joined  together  so  as  to  constitute  a 
SP  With  regarcTto  antennae,  these  organs,  as  such ,  do  not  exist 


(Figs.  A,  B,  and  C  are  after  lilackwall.) 

in  the  Arachnida.  It  is  generally  believed,  however,  that  the 
mandibles  of  the  Arachnida  are  truly  homologues,  not  oftlie  P  . 
which  bear  the  same  name  in  the  other  Arthropoda  but  of  the 
antenna;  and  the  name  of  “falces”  is  thus  best  applied  to  them. 
The  antennae,  therefore,  of  the  Spiders  are  converted  into  pre¬ 
hensile  and  offensive  weapons;  whilst  in  the  Scorpions, asm  the 
King-crabs,  they  are  developed  into  nipping-claws,  or  chelae. 
The  mouth  opens  into  an  oesophagus  (fig.  210,  a),  into 

which6  salivary  g£nd.  pour  their  Secretion  and  th.s  conduct 

to  a  wider  portion  of  the  alimentary  canal,  which  is  usual  y 
snoken  of  as  the  “  stomach,”  and  which  has  appended  to  its 
sidesTong  Seal  diverticula  (fig.  e,o,  ,).  From  the  stomach 
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the  intestine  is  directed  backwards  to  its  termination  in  a  dilated 

c  oaca  (  g.  210,  c ),  without  the  intervention  of  any  convolu- 
ions.  After  it  has  entered  the  abdomen,  the  intestine,  in  the 
ngher  Arac/uiida,  receives  the  openings  of  a  number  of  ducts 
proceeding  from  a  well-developed  liver.  Lastly,  opening  into 

Mi  nVh' 316  !°,ltU°nS  tl'bes  (flS'  2IO>  m)>  which  represent  the 

Malpighian  tubes”  of  Insects, 

and  have  a  renal  function. 

.  The  circulation  in  the  Arac/mida 
is  maintained  by  a  dorsal  heart, 
which  is  situated  above  the  ali¬ 
mentary  canal,  and  is  wanting  in 
the  lower  forms.  Usually  the  heart 
is  greatly  elongated,  and  resembles 
the  “  dorsal  vessel  ”  of  the  Insecta. 

In  the  lower  Arachnida ,  however, 
there  is  no  central  organ  of  the 
circulation,  and  there  are  no  dif¬ 
ferentiated  blood-vessels.  All  the 
Arachnida ,  except  some  of  the  low¬ 
est,  breathe  the  air  directly,  and 
the  respiratory  function  is  per¬ 
formed  by  the  general  surface  of 
the  body  (as  in  the  lowest  mem¬ 
bers  ot  the  class),  or  by  ramified 
air-tubes,  termed  “  tracheae,”  or  by 
distinct  pulmonary  chambers  or 
sacs ;  or,  lastly,  by  a  combination 
01  tracheae  and  pulmonary  vesicles. 

The  “  tracheae  ”  consist  of  ramified 
or  fasciculated  tubes,  opening  upon 
the  surface  of  the  body  by  distinct 
apertures,  called  “stigmata.”  The 


- - -  pic- 

vented  from  collapsing  by  means 
°,a  ohitinous  fibre  or  filament, 
which  is  coiled  up  into  a  spiral, 
and  is  situated  beneath  the  epi- 
helial  lining.  The  pulmonary 
sacs  or  “  tracheal  lungs,”  are 
simply  involutions  of  the  integu- 

bloM  abundantly  supplied  with 
area  by1  the V ^,SCl1  *a  1  SU1  face  thus  formed  being  increased  in 

branous  uLn^T"' ,  a,  m,mber  of  dc«  -  set  mem- 
‘  ’  or  vascular  plates,  which  project  into  the 
2  A 


'*g.  2i°- —  AJiiTKMitary  canal  of  a 
Spider  (after  Duges).  a?  CEsopha- 
gus,  with  the  cerebral  ganglion  (g) 
lying  upon  it;  .y  Stomach,  with 
hve  lateral  caca  on  each  side  ;  i 
rirst  part  of  the  intestine  where  it 
passes  through  the  peduncle  of  the 
abdomen  ;  i'  Middle  portion  of  the 
intestine,  where  the  hepatic  ducts 
°pen  into  it ;  i"  Terminal  portion 
of  the  intestine,  opening  into  the 
cloaca  (c) ;  m  Malpighian  tubes, 
opening  into  the  cloaca. 
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interior  of  the  cavity.  Like  the  tracheae,  the  pulmonary  sacs 
communicate  with  the  exterior  by  minute  apertures,  or  stig¬ 
mata,”  and  they  are  to  be  regarded  as  being  simply  greatly 

expanded  trachete.  :c 

The  nervous  system  is  of  the  normal  articulate  type,  but  is 
often  much  concentrated.  Typically  there  is  a  ecphaiic  oi 
“cerebral”  ganglion,  a  large  thoracic  ganglion,  and  often 

small  abdominal  ganglia.  In  some  of  the  lo^^  f°™S  t^r 
articulate  type  of  nervous  system  is  lost,  and  there  mere  y 
a  ganglionic  mass  situated  in  the  abdomen.  _  In  none  of  the 
Arachnida  are  compound  eyes  present,  and  m  none  nr e  the 
eves  supported  upon  foot-stalks.  The  organs  of  vision,  when 
presentfare  in  the  form  of  from  two  to  eight  or  more  simple 

Cyin  all  the  Arachnida,  with  the  exception  of  the  Tardigrade-, 
the  sexes  are  distinct.  The  great  majority  of  the  Anichmda 
are  oviparous,  and  in  most  cases  the  larvae  are  like :  die i  ad  1 
in  all  except  in  size.  In  some  cases,  however  (Acanna),  the 
larvae  have  only  six  legs,  and  do  not  attain  the  proper  oui 

pairs  of  legs  until  after  some  moults.  0f 

Distribution  of  Arachnida  in  nME.— The  remains  o 
Arachnida  in  the  fossil  condition  are  necessarily  very 

The  earliest  known  types  belong  to  1 .he  r^r- 

been  found  in  the  Silurian  rocks  (. Palaopiionus ).  In  the  Lai 
boniferous  rocks  both  Scorpions  and  true  Spiders  are  found 
the  former  being  represented  by  the  celebrated  W^thal- 
mus  senior  from  the  Coal-measures  of  Bohemia,  and  by  the 
Eoscorpius  carbonarius  of  the  Carboniferous  strata  of  llhn°  • 
Other  Carboniferous  Arachnida  have  been  referred  to  the 
eenera  Eopl.rynus,  Architarhm,  and  Maema.  ^  ® 
ffso  known  to  occur  in  the  Jurassic  rocks  (Solenhoten  S  ates) 
and  in  the  Tertiary  period.  The  M.tes,  Harvest-sptders, 
and  Book-scorpions  have  been  detected  in  amber. 


CHAPTER  XXXII. 
divisions  of  the  arachnida. 

The  class  of  the  Arachnida  may  be  divided  into  the  following 
0rCORDE^  I.  Podosomata  ( PantoPoda  or  Pycnogonida).- 
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fSs  'tur  l>y  tke  I6’1'™! Sl'rfaCC  0f  ihe  body  ’  Emotive 
Z,  J?Z  P:  f>  Z  donZated 1  an  additional  pair  of 

^ZeJfZfdi^ct  **  ***  *  **"*' 

1  lie  members  of  this  order,  sometimes  called  “  Sea-spiders  ” 

“n  Placed  alternately  amongst  the  Arachnida  and  the 

factlhlT’t  nnlritrue  P0sitl0n  being  rendered  doubtful  by  the 

feren dated 22?  ?arme  m  their  habit*>  they  possess  no  dif¬ 
ferentiated  respiratory  organs.  They  possess,  however  no 

^reear  tonbe°nrrnPrTer  ?air?,  °f  le-s’  and  would  therefore 
mi  to  )rbl  )n  PT  y  referab  e  t0  the  Arachnida.  Accord- 
?  o  Dr  Dohrn,  however,  the  embryo  is  naupliiform  and 

The°PvdcnnPPOrpa  reference  of  the  order  to  the  Crustacea. 
the S  rSZ  b°dy  °f f°Ur  seSments,  of  which 

head  with  the  flit-  raX’  f°rmed  by  the  fusion  of  the 

prohosc  i  ih0;aC,1C  fegment-  This  carries  a  long 

renhslP-  ’  end  °f  whlch  15  the  suctorial  mouth.  The 

cephahc  region  carries  as  a  rule  three  pairs  of  appendages— 

/  P  1  a  f)aUi  ¥  “mandibles,”  representing  the  antenme  • 
(2)  a  pair  of  palpi;  and  (3)  a  pair  of  leg-like  organs  which  are 
known  as  the  “ovigerous  legs.”  These  last  are  used  by  the 
•  es  jand  exceptionally  by  the  females)  to  carry  the  ova7  but 
n  both  sexes  tl  are  tactile  and  pre;ens^r?aens  The 

»en ToFTln  ‘"e  cePh?lothOT“  and  the  thfee  free  leg 
le“  (fi  °  2  ,V  %]X  T7  four  P“rs  of  Io"8  eight -jointed 
Zf  y  >’  rhe  abdomen  is  quite  rudimentary  and  is 

ope““g  isVaced"6  The'ef’  a\  T  f  °f  which .  <>«  anal 
.  v  •  1  &  ^  ^  stomach  has  loner  coscal  divcrhVnH 

0rgansareRPe^On?ed  in‘°  P  '«•  as  are  Jso  the  r^rod Cive 
or  a„s  Respiration  ,s  effected  by  the  surface  of  the  bod, 

ntumfcatenwith  ThfesA''1"8,  nUmerous  “vities  which  conn 
nLaie  wnn  tne  exterior  bv  minute  romlc  ti,o 
system  consistc  r.r  „  ,  '  lunute  canals,  the  nervous 

ganglia  Th  *  f  c^rebral  ganglion  and  five  thoracic 

Slf devo  d  ofS?”  dlSt,',c,l  i'"d  the  larvae  as  a  rule  are 
T,  aevoid  of  the  four  pairs  of  locomotive  legs 

arrl  P  commoner  forms  of  the  Podosomata  (such  as  Nvmthmt 

*LyZ1T71)  may  be  f°Und  on  sea-coast  at  low  Ser 

Some  species  onhe  kite  ar",e  P‘an‘S  °r  '’id'"g  bc,’elth  st0"«- 
other  marine  uni, ml  “S™18  “re  parasitic  upon  fishes  and 
to  rale)  is  free  v  h  but  the  common  British  species  (P.  lit - 

at  ant  stage  of  “  fZz  d°?S  not  aPPear  to  be  parasitic 
belo/depth,  of  coo  f T”’  The  Pycno-gonids  rarely  range 
deeper  witer  ar  5f  fatboms>  but  some  of  the  species  from 

°r  across  the  0^3°^°™  “‘"S  8  f°0t 
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Order  II.  Acarina  or  Monomerosomata.— The  mem¬ 
bers  of  this  order  possess  an  unsegmented  abdomen  which  is 
fused  with  the  cephalothorax  into  a  single  mass.  Respiration 


effected  by  trachea ,  or  by  the  integument.  Most  of  the 
carina  are  parasitic,  and  the  most  familiar  are  the  Mites 

^Sub-order  i.  Pentastornida  ( Linguatulince ).— The  members  of 
,is  family  are  worm-like  parasites,  which  m  their  adult  state 
•e  found  in  the  interior  of  the  frontal  sinuses,  the  nose,  or  he 
uL  of  the  dog,  and  of  other  Vertebrate  animals.  When 
illv  rrr0wn  (fig.  212)  they  are  completely  vermiform,  with  a 
ft  annulate  1  integument  and  possessing  no  external  organs 
Jcent  vo  pairs  of  retractile  hooks,  representing  limbs,  placed 
*frP  the  mouth.  The  adult  thus  presents  an  external  re- 
emblance  to  the  Tanias,  from  which,  however,  they  are  sepai- 
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ated  by  the  details  of  their  internal  organisation.  There  are 
no  differentiated  organs  of  respiration  or  circulation,  but  the 

in'XSLaT  dl  1Ct'  , l  he  lame  2I2>  B)  are  found  encysted 
in  the  liver  or  other  internal  or-  y 

gans  of  various  Vertebrates  (in¬ 
cluding  man),  and  possess  two 
pairs  of  articulated  limbs. 

I  he  best  -  known  type  of  this 
group  is  the  Pentastoma  tanioides 
(fig.  2x2),  of  which  the  male  is 
only  three-quarters  of  an  inch  or 
so  in  length,  while  the  female 
leaches  a  length  of  three  inches. 

The  laivae  live  in  the  liver  of 
the  rabbit  and  hare,  and  occasion¬ 
ally  of  man,  in  an  encysted  state  • 
and  the  adult  is  found  in  the  nose 
and  frontal  sinuses  of  the  dog  and 
wolf.  0 

Sub-order  2.  Tardigrada  ( l\Tac- 
robiotida s  or  Arctisca).—  This  family 
comprises  the  so-called  “Sloth  ”  or 
tear  Animalcules,”  which  are  mi¬ 
croscopic  animals  found  in  damp 
moss  and  in  the  gutters  of  houses, 
or  m  a  few  cases  on  the  sea-beach 
Vg-  213,  B).  In  form,  the  body 

Wit,h  f°Ur  Pairs  of  rudimentary 
They  exhibit  n  f  Suctonal>  Wlt.h  rudimentary  jaws  or  stylets. 
andy,inl  l-l  xl  traces  of  respiratory  or  circulatory  organs, 

in  the  same  fndh Arac']nids>  the7  have  the  sexes  united 
mose  ceca  nm  V'i  !]a  ’  *^  ie  stomach  has  numerous  race- 
eyes  The  T  a  °  lt;  and  the  head  bears  two  minute 
return  to  ife  a  d,lgrades  can  survive  desiccation,  and  will 
v  /  ,  te  on  being  moistened. 

Ticks'  Tl  '  J\-alida'  ~  ! n  this  fami|y  are  the  Mites  and 

cephalothorax  and  nhrf  characterised .  by  the  fusion  of  the 
whilp  ti,  and  abdomen  into  a  single  mass  (fin-.  214) 

biting  Definhe  'S  formed  for  Piercing  and  suction,  or  for 
entiated  ■  ,  Hte  respirat°ry  organs  are  sometimes  not  differ- 
The  nerio  ’  r  preS-ent’  the7  are  111  the  form  of  trachere. 

mass  traversed  bVthpn  Jhe  form,  °f  a  common  ganglionic 
present  Thp  y  tbe  oesophagus.  No  dorsal  vessel  (heart)  is 

The  M'ites  havrnUng’  ??d  *ome  adult  forms,  are  hexapod. 

ave  a  world-wide  distribution,  and  are  found  in 


I'  ig*  21 2* — A,  Pentastoma  tcenioides , 
female,  of  the  natural  size  ;  C,  Male 
of  the  same,  of  the  natural  size  ; 
B,  Larva  of  the  same,  greatly  en¬ 
larged,  showing  the  two  pairs  of 
articulated  limbs.  (After  Spencer 
Cobbold  and  Leuckart.) 
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all  sorts  of  situations.  Most  are  terrestrial  in  their  habits,  and 
a  °reat  many  are  either  parasites  on  animals,  or  live  on  the 
juices  of  plants.  Some  forms  live  in  fresh  water  ( Hydrachna ), 
and  a  few  types  ( Thalassarachna ,  Pontarachna,  &c.),  inhabit 
the  sea,  while  some  of  the  Trombidida  live  between  tide- 

marks. 


The  typical  Mites  ( Tyroglyphida )  feed  upon  animal  or  vege  able  sub¬ 
stances,  and  have  scissor-shaped  or  needle-shaped  mandibles  adapted  for 
bitins  A  good  example  is  the  common  Cheese-mite  ( Tyroglyphus  domes- 
tiaX  Certain  of  the  Mites  of  this  group  are  parasitic  in  their  habits, 
living  either  upon  the  skin  or  sometimes  within  the  body  of  vat  ious  ani¬ 
mal  One  of  the  best  known  of  these  is  the  Itch-mite  [Sarcoptes  scalna, 
fm.  213,  C),  which  gives  rise  to  the  disease  known  as  the  itch.  me 


magnified. 


females  of  the  Sarcoptes  live  in  little  tunnels  under  the  epidermis  and  have 
the  two  anterior  pairs  of  limbs  terminated  with  suckers,  while  the  two 
hinder  pairs  end  in  bristles.  The  males  are  much  smaller  than  the 
females  and  live  on  the  surface  of  the  skin.  Anothei  foun  vvhich  s 
parasitic  on  man  is  the  curious  Demodex  folliculontm  (fig.  213,  .  ),  y  »>■  ' 

‘  found  inhabiting  the  hair-follicles  and  sebaceous  glands,  especially  in  the 
vichiitv  of  the  note.  It  is  questionable  if  any  individuals  are  absolutely 
exempt  from  this  harmless  parasite,  and  allied  forms  attack  other  species 

°fTheTuiS  Ticks  (Ixodidtr)  have  a  leathery  and  very  distensible  skin  (fig. 
-MJ  11)  The  mandibles  are  protrusible,  serrated,  or  armed  with  curved 
1”  /firr  21a  C)  and  are  used  for  piercing.  I  he  ricks  frequent  trees, 
bushes  or  herbage,  and  attach  themselves  to  passing  animals,  into  the 
skin  of  which  they  bore  with  their  pointed  rostrum.  W  hen  distent  e 
„ i,inn,i  thev  drop  off  from  their  temporary  host. 

The  S/S  (Spider-mites  or  Beetle-mites)  are  often  ecto-parasitic  on 

ming,  and  in  their  adult  state  usually  lead  a  free  life  in  water,  Uiotg 
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sometimes  parasitic  in  Bivalve  Molluscs.  The  larva:  are  hexapod,  with  a 
suctorial  mouth,  and  attach  themselves  as  parasites  to  Water-beetles  and 
other  aquatic  insects. 

The  Harvest-mites  and  Garden-mites  ( Trombididce )  are  vegetable-feeders, 


month  nT  Pr  J  lhe  JUICes  of  whlch  they  extract  by  their  suctorial 
b  1°  h?r  I0™8’  h?n"'ever’  are  animal-feeders,  and  are  often  parasitic 

"  larva] stages.  The  common  Scarlet-mite  ( Trombidium  holoseri- 

The  Ben\aJ°°C  u”5  gr?Up‘  Lastl>'-  the  little  Mi‘es  known  as 

from  tS  d T7 ^duhf‘E)  haVC  the  front  Part  of  the  head  constricted  off 
irom  the  rest  of  the  body. 


Order  III.  Adei.arthrosomata.— The  members  of  this 
or  er,  comprising  the  Harvest-spiders,  the  Book-scorpions,  &c., 
re  c  istinguished  from  the  preceding  by  the  possession  of  an 
aoaomen,  which  is  more  or  less  distinctly  segmented ,  but  generally 
* 11  l*s  n°  tine  of  separation  from  the  cephalothorax ,  the  two 
egions  being  of  equal  breadth  and  conjoined  together.  The  mouth 
W1^L  masticatory  appendages ,  and  respiration  is 
)'  c e  y  trachea,  which  open  on  the  lower  surface  of  the  body 
oy  two  or  four  stigmata. 

Sub-oi  dei  i.  Phalangidea. — The  well-known  “Harvest-men” 
e  ong  to  this  group.  They  are  characterised  by  the  great 
gth  of  the  'egs  (fig.  215,  B),  and  by  the  filiform  maxillary 
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palpi,  terminated  by  simple  hooks.  T.  lie  abdomen  and  cepha- 
lothorax  are  of  about  equal  width,  but  clearly  marked  off  from 
one  another,  and  the  former  is  segmented.  There  are  two  eyes, 
and  the  young  pass  through  no  metamorphosis.  The  Harvest- 
men  are  active  in  their  habits  and  live  upon  animal  food. 

Sub-order  2.  Pseudoscorpionidce  ( Cheliferida).  —  The  mem¬ 
bers  of  this  little  group  are  readily  recognised  by  the  fact  that 
the  maxillary  palpi  (fig.  215,  A)  are  of  large  size,  and  are  con- 


Fig.  215.-A,  Cheli/cr  cancroidcs,  showing  the  chelate 
S  larged.  B,  Phalangimn  copticum,  of  the  natural  size.  C,  flulyphon  g  g 
D  Galeodes  araneoides,  of  the  natural  size. 


verted  into  nipping-claws  or  chelae,  thus  giving  the  animal  the 
appearance  of  a  Scorpion  in  miniature.  The  abdomen  is  seg¬ 
mented,  but  there  is  no  “  post-abdomen,”  as  in  the  true  Scoi- 
pions.  Eyes  may  be  wanting,  and  the  under  surface  of  the 
abdomen  carries  a  small  spinning  -  organ.  1  he  loo  - 
srornion  ”  ( Cheiifer)  is  commonly  found  in  old  books  ana  in 
dark  places,  and  feeds  upon  insects.  Other  torrns  are  parasitic 
on  Flies  and  Beetles. 

Sub-order  3.  Solpugidea.  —  In  this  family  (fig.  215,  £)  the 
abdomen  is  not  only  very  distinctly  segmented  but  is  • 
clearly  separated  from  the  cephalothorax,  which  latter  regio 
exhibits  the  remarkable  peculiarity  of  being  itself  distinctly 
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?  t0  a  !lea<*  and  three  separate  tlioracic  segments 
a  !,  or  mandibles  are  chelate,  and  of  immense  size  • 
and  the  maxillary  palpi  constitute  long  feet.  The  front  of 
the  head  carries  two  eyes,  and  respiration  is  by  tradtere 
Cakodcs  may  be  considered  as  the  type  of  the  group  all  tfe 
members  of  winch  are  tropical  or  subtropical  in  £  range 
and  are  nocturnal  and  carnivorous  in  habit  *  ’ 

Order  IV  Pedipalpi.—  Abdomen  segmented,  with  or  with - 
out  a  post-abdomen."  Respiration  by  means  of  pulmonary  sacs 

anin^°r  r  r,are  ^  trUG  Scorpions>  together  wiV h  cer^ab  othS 
nnals  which  are  in  some  respects  intermediate  between  the 
Scorpions  and  the  true  Spiders.  The  members  of  this  order 
are  dwbngmshed  by  the  fact  that  the  abdomen  in  all  is  dis- 
ctly  segmented,  but  is  not  separated  from  the  cephalothorax 

^th  fo  T;ied//°nStri?i0n-r  Th^^ree  in  thfs  characS 

with  the  Adelarthrosomata ;  hence  the  two  are  sometimes 
umted  into  a  single  order  ( Arthrogastra ),  but  they  are  sena 

ing'by  tyrat?heiatand°f  resp,irator>'  orSans>  the  latter  breath- 
y  tracheae,  and  not  by  pulmonary  sacs. 

trn S“t°rder  l'  Sforpiodea.  This  group  includes  only  the 

the  iS  p!°nS7  r  llch  are  amoi1gst  the  best  known,  as  well  as 
the  largest  of  living  Arac/mida.  Tire  integument  in  the 

exnTw  15  ha[dfned  **  chitine  so  as  to  form  a  resistin' 

the  nhS00’  t  le, Cephalothorax  is  not  constricted  off  from 
he  abdomen,  thjs .latter  region  being  distinctly  segment 

shielrl  i  u  A  '  1  cephalothorax  is  covered  above  bv  a 

i  t  or  0Vate  pla‘e'  whidl  bea«  the  simple  eyes,  six 
cem  ’,n  ,  ,  ni,,1,  je1’  of  Which  two  large  ones  are  placed 

entrally,  while  the  remainder  are  marginal  fog  2i6  1M  ti 

rnout  opens  on  the  under  surface  of  file liS'in  anl  is 

first  pair  of  *!™r  L"'11'1  an  “Pl)er  hp-plate  or  “  labrum.’”  The 
“™nd"ble,  »  K “"“ponding  with  the  ■■  fakes”  or 
the  form  of  shore  SPlderE*  are  the  “chelicerae,”  which  have 
Behind  tu  i  •  1  pincers>  or  nipping-claws  (fig.  2x6  c) 
to  in  i  che hcerie  are  the  maxillae,  each  of  which  gives’ rise 

in  a  powerfu?Sntyn,deVe  °Ped  “mfillar7  PalPns,”  winch  ends 
maxillae  clo  in  Z*'  V"  2l6>  '")■  Behind  the 

lower  lin  or  "hi  °f  the  mouth  posteriorly,  is  a 

a  longimdbal  .from  m’  W  K  uS  partialIy  divided  into  two  by 
Pair  of  maxilln  Ti  'S  thuS  seen  to  rePresent  a  second 
carry  the  four  mire  nUr  segments  following  the  labium 

of  the  abrinm  /  °  waPung-legs.  The  first  seven  segments 
aPproxialT  n  (£°nStltuting  the  “abdomen”  proper)  are 

under  surfaceV/S  f"  l°  t-he  cePhalothorax.  On  the 

suriace  of  the  first  of  these  is  the  opening  of  the  repro- 


CO 
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ductive  organs,  protected  by  an  opercular  plate.  The  next 
segment  carries  inferiorly  a  pair  of  curious  serrated  comb-1  ike 
organs  (“  pectines  ”),  which  are  present  in  both  sexes,  but  the 
uses  of  which  are  unknown.  The  next  four  segments  exhibit 
the  oblique  openings  (“stigmata”)  of  the  pulmonary  sacs  (fig. 
216  s)  and  the  seventh  segment  presents  no  special  pecu- 


size.  B,  Front  portion  of  the  head  of  the  sain  ,  0f  the  appendages  on 

C,  Iiu thus  Kochii,  with  the  terminal  segmen  s  .  he  four  ,,airs  „f  ambulatory 

one  side  omitted.  *  Maxillary  Centra,,  ,arger  ocelli ;  Opercular 


One  of  the  stigmatic  openings.  (C  is  attu  1  roi.  > 


iarity  Following  the  proper  abdominal  segments  are  six 
niceXpecuUaH.iS'r^aXh”!;  cDS'  and  ioptoj 
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d-ht°dnmberl ^  15  ]°n-g  a"d  tubular»  and  consists  of 

cnambers.  It  is  contained  in  a  “nericnrdial  drmc  ” 

ITSM  f  "r  f-obs,ter’.and  “><=  blo^d  is-  admit ted  *o 
>  interior  b>  a  valvular  slit  in  each  chamber.  The  heart 

capillaries  anTllm bl°°d  the  arteries’  which  end  in 

1  ’  1  ns  dlstnbute  the  venous  blood  over  the 

spiratoiy  sacs,  the  vessels  from  which  pour  the  now  arterial 
ised  blood  into  the  pericardial  sinus.  The  respiratoTv  orZs 

sacs”’  o in?  on  7  "7  ° f  ’“T”0*  <=^be? or 
sacs  opening  on  the  under  surface  of  the  ad  ath  cth 

and  6th  abdominal  segments  by  oblique  slit-like  ‘‘ stomata  ” 

Each  lung-sac  has  the  form  of  a  compressed  sac  the  &wall  of 

^ns™  the°leaavneUsnobfea  Wllar 

blood  is  distributed  for  aeration  ’  " the  Ven0US 

Eurone"  hot  the  stnal'er  Scorpions  are  found  in  Southern 

may  reach  a  Efert",1"  "atives  of  bot  countries,  and 
may  reach  a  length  of  half  a  foot  or  more.  Their  stin-  ;s  Verv 

s,Tre’  bUt  rT‘f  fa,al  t0  "»"•  The  Scorpions  Un  „nd7r 

stones  or  in  dark  crevices,  and  run  swiftly,  carrying  the  tail 
curved  over  the  harl-  mho,,  c  a  ■  y  lllc  ran 

in  the  chelate  nah  i  ‘  }  1  7  feedJon  insects>  which  they  hold 
m  me  chelate  palpi,  and  sting  to  death. 

Silurian Cr oc kf  ^anTtl  t7PeS  °P  tbe  Scorpions  are  found  in  the 
tattsT.'he  from  r'Udelm  repmsem 

anterior  pair  of  legs,  and  by  the  absence  ol  spumerets  They 
of  the  S' ahnd  thor"  T  by  the  amalgamation 

or  have  only  a  ^^77^7^7^ 
“sting.”  IS  n0t  furnished  with  a  terminal  hook  or 

three  post'- abdominal’  2I5’  ^  the  abdomen  terminates  in 
caudal  77  ^  segments,  to  which  a  long  many-jointed 

aTdotanPPeenndsafn  bUt  in  W  «7),  the 

legs  is  the  ! „  f  .button-like  segment.  The  first  pair  of 

not  chelate  •  S!  (lmme"sely  so  in  Phrynus),  the  falces  are 

sometimes  didactvle  T  7  flpi’  though  of  IarSe  and 

ciiclactyle,  do  not  form  true  chela:.  The  genus 


3  So 
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Thelyphonus  is  confined  to  the  tropical  parts  of  Asia,  America, 
and  Australia,  and  the  genus  Phrynus  is  also  wholly  tropical. 
Order  II.  Araneida  or  Sphairogastra. —  I  his  order  m- 


on. _ Phrynus  reniformis ,  showing  the  long  claw-like  maxillary  palpi,  and  the 

exceedingly  slender  and  spinose  first  pair  of  walking-leg*. 

eludes  the  true  Spiders,  which  are  characterised  by  the  amal¬ 
gamation  of  the  cephalic  and  thoracic  segments  into  a  single  mass, 
hnd  by  the  generally  soft ,  unsegmented  abdomen,  attached  to  the 
cephalothorax  by  a  constricted  portion,  or  peduncle.  Respiration 
is  effected  by  pulmonary  sacs  in  combination  until  trachea:. 
(Hence  the  name  Pulmotrachearia,  sometimes  applied  to  the 

The  cephalothorax  of  the  Spiders  is  covered  by  a  horny 
plate  and  bears  in  front  two,  four,  six,  or  eight  simple  eyes 
(fie  209  B).  The  mandibles  or  fakes  are  terminated  by 
sharp  movable  hooks,  perforated  at  their  apices  by  a  minute 
aperture  leading  by  a  duct  to  a  poison-gland  situated  in  the 
basal  part  of  the  mandible  (fig.  218,  an).  Behind  the  man¬ 
dibles  are  the  small  maxillae,  each  of  which  gives  origin  to  a 
long  jointed  “maxillary  palpus.”  In  the  female  Spiders  the 
maxillarv  palpi  (fig.  218,  p)  are  slender  and  leg-like,  then 
extremities  terminating  in  pointed  claws.  In  the  males,  on 
the  other  hand,  the  maxillary  palpi  are  swollen  at  their  ends 
(fi,r  2Ig,  B),  and  are  specially  modified  for  the  purpose 


ARANEIDA. 


3Sl 


cQnveymg  the  spermatozoa  to  the  female.  Behind  the  maxilke 

a  small  lower  lip-plate  or  “labium,”  morphologically  repre¬ 
senting  a  second  pair  of  maxillae.  b  }  epre 

The  alimentary  system  of  the  Spiders  has  already  been 
briefly  described  (see  p.  369,  fig.  2 IO).  The  heart  consists  of  a 
tubular  “dorsal  vessel,”  which  is  not  contained  in  a  pericar 
dial  sinus  (as  it  is  in  the  Scorpions),  and  to  which  the  blood 
is  admitted  by  three  pairs  of  valvular  slits.  The  respiratory 
organs  consist  partly  of  pulmonary  sacs  and  partly  offfi 
In  most  Spiders  ( Dipneumones )  there  are  only  two  lun -sacs' 
the  stigmata  of  which  are  placed  on  the  under  surface  Sf 'the 


s0-  lo  the  Mygalidce  (hence 
called  Tetrapneumones)  there 
are  four  lung-sacs.  Just  be¬ 
hind  the  two  pulmonary  stig¬ 
mata,  in  the  ordinary  Spiders, 
are  two  smaller  apertures 
which  open  into  air-tubes 
or  tracheae.  These  consist 
of  membranous  branched 
tubes,  the  walls  of  which  may 
be  prevented  from  collaps¬ 
ing  by  a  coiled-up  chitinous 
fibre.  The  opening  of  the 
reproductive  organs  is,  in 
both  sexes,  placed  on  the 
under  surface  of  the  abdo¬ 
men,  between  the  pulmon- 
ar}r  stigmata. 

All  the  Spiders  possess 
spinning-glands  in  the  form 
ol  tubular  organs  situated  in 
me  abdomen,  and  secreting 

SCld  fluid,  which  hardens  ‘  . J  «»‘*u  Having  the  gener- 

mpldlv  on  exposure  to  air  ‘hen?;  ,/gSp?n. 

J  ^puauic  lO  air.  nerets.  i,,  lermination  of  the  maxillarv 

be  excretory  ducts  of  these  lTmed  °f  the  male  of  the  same>  much  en- 
•  8  ands  open  by  fine  tubular 

sP).eil  These^re  °f  the  s°-calIed  “spinnerets”  (fig.  2iS, 
usually  six  in  “h®.  conifal  or  cylindrical  organs,  which  are 
situated  at  the  w  °?  y  ?Ur  ln  dle  Mygalidce),  and  are 
Secretion  of  the  silk -h*nrlIty-  °f  the  abdomen-  The  viscid 
s}laPe  in  passino  ti  a,]'ds  ls  cast  into  its  proper  thread-like 
Passing  through  the  ducts  of  the  spinnerets,  and  the 


Ff'  8-“.A’  Vncler  surface  of  a  Spider  (Lv- 
cosaandreiuvora),  the  walking -legs  hai- 
ng  been  removed  with  the  exception  of  the 
basal  joints  (c).  an  Falces  ;  /  One  of  the 
maxillary  palpi ;  st  Stigmatk,  leading  into 
^;e„fUi™n.a.1y  Sacs’  and  baying  the  fener- 
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silken  fibres  thus  produced  are  used  by  the  Spider  for  con¬ 
structing  an  abode  for  itself,  for  locomotion,  for  making  a 
“  web  ”  In  which  to  capture  its  prey,  or  for  other  purposes. 

The  form  of  the  web  has  been  employed  as  a  basis  of  classification  of  the 
Spiders  and  amongst  its  numerous  modifications,  the  following  may  be 
specially  alluded  to  :  Some  forms  (such  as  the  common  Garden-spiders) 
construct  a  web  in  the  form  of  an  incomplete  or  complete  circle,  with  lines 
radiating  from  the  centre.  These  have  been  termed  ‘  ‘  Orbitelarm.  Others 
—the  so-called  “ Retitelaria  ’’—simply  spin  a  thin  suspended  sheet  for  their 
web.  Others  (“  Tubitelarue  ”)  construct  a  silken  tube,  inserted  in  any  acci¬ 
dental  cavity,  its  mouth  being  open  and  guarded  by  more  or  fewer  threads. 
Lastly,  others  (“  Territelarice  ”)  spin  a  silken  tube  in  a  hole  formed  by  the 
animal  itself,  and  close  its  mouth  by  means  of  a  variously  constructed  lid. 

The  Spiders  are  oviparous,  and  the  young  pass  through  no 
metamorphosis ;  but  they  cast  their  skins  or  moult  repeatedly, 
before  they  attain  the  size  of  the  adult.  Most  Spiders  deposit 
their  eggs  in  silken  nests  or  cocoons,  often  beautifully 
structedfand  sometimes  carried  about  by  the  females.  The 
males  are  generally  smaller  than  the  females,  and  of  rarer 
occurrence.  All  the  Spiders  are  predaceous  in  their  habits, 
and  live  upon  insects,  which  they  kill  by  means  of  their 
poisonous  bite.  Very  many  of  them  are  sedentary  and  con¬ 
struct  a  web  ;  but  others  (  Vagabundce)  lead  a  wandering  life, 
making  no  web,  but  hunting  their  prey  for  themselves. 

The  earliest-known  fossil  remains  of  Spiders  are  found  in 
the  Coal-measures. 
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CHAPTER  XXXIII. 

myriopoda. 

CLAf,ni,-  Myriopoda  (or  Myriapoda).— The  Mvrioioda 
are  defined  as  articulate  animals  in  which  the  faiisJm,', 

Ztu%7"T  AT  My  U  divided  int°  similar sft 

»».<*»•  line  of  demarcation  from 
of  f,  1  ■  Tlnre  is  one  pair  of  antenna ?,  and  the  number 

trachea  ^  ^  tkaH  ei8/lt  Pairs-  Respiration  is  by 

In  this  class— comprising  the  Centipedes  (fig.  210)  and  the 
•  .  epedes  t]ie  integument  is  chitinous,  the  body  is  divided 
into  a  number  of  somites  provided  with  articulated  appendages 
and  the  nervous  and  circulatory  organs  are  construct  upon  ^ 

1  an  similar  to  what  we  have  seen  in  Crustacea  and  Arachnida 
e  head  is  invariably  distinct,  and  there  is  no  marked  line  of 

and  th0-  of 

the'abT  than.tw™ ^  sonlites.  and  those  nSi'tonespond  w 

S5.*&“  trb“taHned 

some1™^'^  of-siCcoalescem  a„dCSmed  site-  and 

filament  ofthifee  TheT  S,‘rengtl’ened  bl  spirally-coiled 
»'ith  one  another  as  they  do  Tn '“sects. "  ”°‘  anaSt0mose 

e  somites,  with  the  exception  of  the  head  and  the  last 


ro 
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abdominal  segment,  are  usually  ^distinguishable  from  one 
another,  and  each  generally  bears  a  single  pair  of  limbs.  In 
some  cases,  however,  each  segment  appears  to  be  provided 


/ 


;  /  Hooked  foot-jaws  ;  /  Lower  lip,  composed  0 >f  two -pieces 
C,  Head  of  Lithobius  forfuatus ,  viewed  from  above  (after  Gerva.s) .  an  Antenn.  , 
c  Eye. 

with  two  pairs  of  appendages  (fig.  220).  This  is  really  due  to 
the  coalescence  of  the  somites  in  pairs,  each  apparent  segme 
heinor  in  reality  composed  of  two  amalgamated  somites,  i  ms 
is  shown  notonly  by  the  bigeminal  limbs,  but  also  by  the 
arrangement  of  the  stigmata,  which  in  the  normal  forms  occur 
on  every  alternate  ring  only,  whereas  in  these  aberrant  forms 

thev  are  found  upon  every  ring. 

The  head  always  bears  a  pair  of  jointed  antennae,  rese  - 
bling  those  of  many  Insects,  and  behind  the  antenn*  there  is 
frpnerallv  a  variable  number  of  simple  sessile  eyes.  In  one 
compound  facetted  eyes  are  present and 
£  Paurolus ' Thi  antenmu  are  bifid,  and  carry  many,ointed 
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appendages,  thus  differing  wholly  from  the  antenna  of  In- 
Ov/  Vzr”/  Presentin8  a  decided  approximation  to  those  of  the 

d  he  young  in  some  cases,  on  escaping  from  the  egg,  possess 
nearly  all  the  characters  of  the  parents,  except  thafthe  num¬ 
ber  of  somites,  and  consequently  of  limbs,  is  always  less,  and 
increases  at  every  change  of  skin  (“moult”  or  “ecdysis”) 
In  most  cases,  however,  there  is  a  species  of  metamorphosis, 
the  embryo  being  at  first  possessed  of  no  more  than  three 
pairs  of  legs  thus  resembling  the  true  Insects.  In  some 
other  cases  the  larva  has  at  first  seven  pairs  of  legs.  In 
these  cases  the  number  of  legs  proper  to  the  adult  is  not  ob- 
tained  untd  after  several  moults,  the  entire  process  being 

.  ttd  to  occupy  in  some  species  as  much  as  two  years,  before 
maturity  is  reached.  3 

nf  rC£ardS  t]]eir  distributi<>n  in  time ,  the  earliest  known  types 
0  the  occur  m  the  Devonian  (Old  Red  Sandstone), 

nerior he  *  argC!y  rePresented  in  the  Carboniferous 
period.  According  to  the  most  recent  investigators,  all  the 

Palaeozoic  Myriopods  belong  to  sections  of  the  class  which  have 
no  modern  representatives,  and  their  characters  need  not  be 

pedeTfC//  \°I thC  hVmg  °rderS  °f  MyrioPods,  the  Centi- 

LrlW  tf7  d°  n0t  Seem  t0  have  come  into  existence 

ear  her  than  the  Tertiary  period,  and  the  Millepedes  ( Chilogna - 

by  onTc°r"LeoSS.rePreSen,ed  ”  r°CkS  W 

tla^yriPj°da  a;e  dividef! into  three  orders-viz.,  the  Chilo- 
undlrLt  S  an?  thye  Paur°P°d“>  to  which  a  fourth, 

Z  Vl  "r6  °  Onychophora,  may  be  provisionally  added 
r  the  reception  of  the  aberrant  genus  Peripatus. 

RDER  L  Chilopoda.  —  This  order  comprises  the  well- 

tedsed  hv  nthe0r0US  k^Ti^  and  their  allies!  and  is  charac- 
the  mimber  ofIep  be>ng  rarely  indefinitely  great 

tennae  out°nf  ^t  1  2°  ,Pa'rS)’  by  the  comPosition  of  the  an- 

bv  the  n°  rSS,  t  ian  14  joints  (14  to  40  or  more),  and 

pair  of  f£tructure  °f„the  mouth-organs.  These  consist  of  a 

and  a  nfndlb  if’  .  rep^esent|ng  the  mandibles  of  Insects, 

£  th. ?midd,Snl  JOmr,ed  maXlll£6>  Which  are  partially  united 
hea  Wthe  ,  eu  U]e'«,  f  SCgment  immediately  behind  the 
four  ’Cr  3  ‘basilar  segment”)  is  really  composed  of 

jaws  or  n  f  •„  t0g'thtr>  and  it  carries  two  pairs  of  foot- 

leg-like  ,P,fdeS’  of  whl9h  the  first  pair  are  slender  and 

minated  i,u  °  t  ie  sec°nd  pair  are  of  large  size,  and  are  ter- 

nallv  1 1  y  perforated  hooks  which  communicate  with  inter- 
y-placed  poison-glands  (fig.  219,/).  Behind  the  poison- 
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fangs  the  basilar  segment  carries  a  pair  of  small  jointed  legs, 
which  are  sometimes  rudimentary  or  wanting.  _ 

The  remaining  somites  carry  each  a  pair  of  jointed  legs,  the 
last  pair  of  which  are  often  directed  backwaids  in  the  axis 
of  the  body,  so  as  to  form  a  kind  of  tail.  The  segments 
are  flattened,  and  each  is  protected  by  a  horny  plate  (tergum) 
superiorly,  and  a  corresponding  plate  (sternum)  on  the  ventral 
surface.  The  stigmata  are  placed  on  the  sides  of  the  body, 
usually  on  alternate  segments.  The  generative  apertures  are 
placed  at  the  posterior  end  of  the  body. 

All  the  Chilopoda  are  carnivorous  and  nocturnal  in  their 
habits.  The  genera  Scolopendra,  Litliobius  (fig.  219),  and 
Geop kilns,  are  all  represented  in  Europe  by  more  or  less  fam¬ 
iliar  types.  The  Geopliili  are  devoid  of  eyes,  and  have  very 
slender  bodies  and  numerous  legs.  In  tropical  countries,  the 
Centipedes  often  attain  a  length  of  from  six  inches  to  a  foot, 
and  are  capable  of  inflicting  very  severe  or  even  dangerous 
wounds  by  means  of  their  great  poison-fangs. 

Order  II.  Chilognatha.— This  order  comprises  the  vege¬ 
table-eating  Millepedes  (lulida),  the  Galley-worms  (. Polydesmus ), 
and  other  allied  forms.  The  order  is  characterised  by  the 
areat  number  of  legs  — each  segment,  except  some  ot  the 


anterior  ones,  bearing  two  pairs— by  the  composition  of  the 
antennae  out  of  six  or  seven  joints  ;  and  by  the  structure  of  the 
masticating  organs,  which  consist  of  a  pair  of  mandibles  with¬ 
out  palps,  covered  by  a  lower  lip  composed  of  the  confluent 

m  Thebody  in  the  Chilognatha  is  usually  cylindrical  though 
depressed  in  Polydesmus.  The  three  somites  which  follow  the 
head  (thoracic  segments)  are  not  fused  as  they  are  in  tie 
Chilopods,  and  they  carry  only  a  single  pair  ot  legs  I  he 
remaining  segments  (with  the  occasional  exception  of  the  two 
or  three  foremost  ones)  carry  each  two  pairs  ot  minute  jointed 
legs.  Each  apparent  segment  may,  therefore,  be  regarded  as 
ii-Trealitv  formed  by  the  fusion  of  two  somites.  Ihe  seventh 
omlte  of  the  males  is  famished  with  a  pair  of  copulatory 
organs,  and  wants  one  or  both  of  the  pa.rs  of  legs.  The 
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thense?ondf  or^lfirir^  ?rf  °S  are  placed  at  the  b*se  of 
me  second  or  third  pair  of  legs.  Each  apparent  segment 

caines  a  pair  of  stigmata,  placed  close  to  the  bases  of  the  legs 

The  ammal  ,s  also  often  furnished  with  cutaneous  "lands 

dorS  pores!6  ""  **  -4 -placed 

All  the  Chilognatha  feed  on  decaying  organic  matter  and 
Millepedes  {**"<**  »<*>• ^onrprifinglhTordina’ry 

segments  and  „•!  laVC  ?  Iong  c>’Iindncal  body  of  many 

The^Euronean  'm?N  T' ’  C011  themselves  “to  a  hat  spiral 
e  European  Millepedes  are  comparatively  small  •  but  some 

'  maMTeCied  1Cngth  °f  half  a  f°ot  or  more.  The 

rill  -  Millepedes  (G/omeris)  are  like  short  luli  and  thev 

0?DEn’ rn  P  5  by  r0lling  "«"’«lves  into  a  b’ali.  > 

Si,  nU  T  Vi  AfUR°PODA.-This  order  was  established  bv 
c-ir  John  Lubbock  for  the  reception 

of  a  single  generic  type  to  which 
he  gave  the  name  of  Pauropus. 
lhe  body  in  Paw-opus  Huxleyi 
(hg.  221)  is  only  ^th  of  an 
inch  in  length,  and  consists  of  ten 
somites,  furnished  with  scattered 
setm.  There  are  only  nine  pairs 
0  legs,  of  which  one  pair  is  ear¬ 
ned  by  the  3d  segment,  whilst  the 
4  i  5m,  6th,  and  7th  segments 


each  two  pairs  of  legs,  and 


may  therefore  be  regarded  as  really 
double.  The  head  is  composed 
01  two  segments,  and  is  not  pro¬ 
vided  with  jaw-feet.  The  antenna; 

,are  five-jointed,  bifid,  with  three 
mng  multiarticulate  appendages. 

,  e  body  is  white  and  colour- 
ess  and  there  are  no  trachea;,  so 
nat  respiration  must  be  effected 

■  by  the  skin-  P^opiis  is 

ound  amongst  decaying  leaves  in 

bp^P  SItUatl0ns’  and  species  have 

and  AdeSCnbed  both  from  Britain 
and  America.  It  is  separated  from 

jaws  anff?  by  US  S™a11  number  of  lcg«,  the  absence  of  foot- 
five  joints  COmP°slt,on  ®f  *e  antennae  out  of  no  more  than 

°RDER  IV-  Onvchophora  (Grube). — In  the  West  Indies, 


^  221t  Pauropus  Huxleyi,  view¬ 

ed  from  above,  and  enlarged  fifty 
diameters.  (After  Sir  John  Lub¬ 
bock.) 
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South  Africa,  South  America,  and  New  Zealand  occur  exam¬ 
ples  of  a  peculiar  genus  of  animals,  which  has  been  named 
Peripatus ,  and  has  been  at  different  times  referred  to  the 
Errant  Annelides,  the  Leeches,  the  Scolecids,  or  the  Myrio- 
poda.  The  species  of  Peripatus  are  terrestrial  in  their  habits, 
living  in  moist  earth,  in  decayed  wood,  or  under  stones,  active 
by  night  only,  and  completely  worm -like  in  form.  lhe 
cylindrical  body  (figs.  222,  A,  and  223)  is  annulated,  and 


ways,  enlarged.  (After  Grube.) 

provided  with  numerous  pairs  of  ambulatory  feet,  which  are 
ointed.  and  terminated  by  one  or  wo  hooUdclat  vs  ( 

C  ,fsd,ik?k  SK  b  memrs'on, sleet,  and  rods  up  lihe 
I  Millepede  when  alarmed.  The  head  carrtes  a  pa,r  ol  an- 
tennse  and  two  simple  eyes.  placed  below  the 

end  of  the  body.  }  1  i  m  tue  unique  feature  that 

"  s  &t  t,,a, 


literature  of  myriopoda. 


3S9 

the  ventral  nerve-cords  do  not  coalesce,  but  remain  widelv 
separate,  and  are  not  furnished  with  ganglia  corresponding 

"t‘  „c*LSiC.C“f‘ve  s^8ments  of  the  body.  A  third  remarkablf 
tructural  feature  is  the  presence  of  successive  pairs  of  orpins 

c 'ate ii£VTrUy  at  the  b/S“  of  >'«  1«W.  and  comS  ! 
2  ?  "  ,  1  thc  body-cavity,  and  which  appears  to  correspond 
"■th  the  segmental  organs  of  the  Annelida.  The  sexes 


species  ‘“and  dist!nct'  sometimes  united,  in  different 

species,  and  the  young  are  brought  forth  alive. 

between  th/AmeC5S/"7>'7/r  OCCUPies  a  Position  intermediate 

ArthronnHq6  T  u  °i  thf  °ne  hand’  and  the  air-breathing 

Sh  PS  aPD0Dtr  t,  16  °  her  handi  ^monS  the  lat^,  ^  relation2 
smps  appear  to  be  closest  with  the  Myriopods;  but  its  struc- 

often  PcnCU  •Hnt,^S  are  uS0  many  and  50  remarkable,  that  it  is 

Which  theS1.ered  af  S®  representative  of  a  distinct  class,  for 
uch  the  name  of  Protracheata  has  been  proposed. 

literature. 

‘‘System  der  Myriapoden.”  Koch.  1847 

SciS"rV,,SsVbS™”1",eU<:  ‘'eS  '  Annales 

'  DChN»XP”' ' “aSl.  ^“fh^h-angarischM  Monarchic  ,  Die 
"  •unnnSrT,»?'^M5Myriap0d^  °rder  ChiloP°d“-"  Newport. 

“  Ma.” 1 °K^,R'fSrra„“d  tfl4?."'elOP”“t  »r 

„  ‘Tr,P„“s“rS:  ,Soc"'Wi86'8PC  Sir  L“hbock. 

“  Anap  dei8S3aU  V°U  PeriPatus  Edwardsii.”  Grube.  ‘  Archiv  fur 

ftrU?ore  an.d  Devel°pment  of  Peripatus  Capensis.”  II.  N. 

^  Mosdey.  ‘  Proc.  Roy.  Soc.,’  1S74  ;  and  ‘Ann.  Nat.  Ilist.,’  ,874. 

Nat.  Iir!sta’US,8^6V°  Iandire'”  Capt‘  R  W-  Ihltton-  ‘Ann! 

!!^t$,Wij°ZPoPo?'r:1I^'n  Met  sell  nikoft'. 

"  Wss^Zool^b!^^61"  Geophilus'-”  Metschnikoff.  •  Zeitschr.  fiir 
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CHAPTER  XXXIV. 


INSECT  A. 


GENERAL  CHARACTERS  OF  THE  INSECTA. 


Class  IV.  Insecta. — The  Insecta  are  defined  as  Articulate 
animals  in  which  the  head ,  thorax ,  and  abdomen  are  distinct , 
there  are  three  pairs  of  legs  borne  on  the  thorax  ;  the  abdomen 
is  destitute  of  legs  :  a  single  pair  of  antenna  is  present ;  mostly, 

there  are  two  pairs  of 
wings  on  the  thorax. 
Respiration  is  effected 
by  tracheae. 

In  the  Insecta  the 
body  is  divided  into 
a  variable  number 
of  definite  segments, 
or  somites,  some  of 
which  are  furnished 
with  jointed  append¬ 
ages,  and  the  nervous 
and  circulatory  sys¬ 
tems  are  constructed 
upon  essentially  the 
same  plan  as  in  the 
Crustacea ,  A  rachnida , 
and  Myriopoda.  The 
head,  thorax,  and  ab¬ 
domen  are  distinct 
(figs.  224,  225),  and 
the  total  number  of 
somites  in  the  body 


F  jir  224. — Diagram  of  the  external  anatomy  of  an  Insect. 

Head  carrying  the  eyes  (0) and  antenna:  (an);  6  1*  irst 
segment  of  the  thorax,  with  the  first  pair  of  legs ;  c 
Second  segment  of  the  thorax,  with  the  second  pair  of 
ices  and  the  first  pair  of  wings ;  d  Third  segment  of  the 
1  horax  with  the  third  pair  of  legs  and  the  second  pair 
of  wings  ;  e  Abdomen,  without  limbs,  but  carrying  ter¬ 
minal  appendages  concerned  in  reproduction ;  J  1-  eintir ; 
t  Tibia  ;  ta  T  arsus. 


never  exceeds  twenty. 
“  Of  these,  five  cer¬ 
tainly,  and  six  pro¬ 
bably  ”  (according  to 
most  authorities,  lour 
only),  “constitute  the 
Vipnrt  which  nossesses 


a  pair  of  antenme,  a  pair  of  mandibles,  and  two  pairs  oi  m  . 
illje  the  hinder  pair  of  which  are  coalescent,  and  form  t 
‘labium.’  Three,  or  perhaps,  in  some  cases,  more,  somites 


! 
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unite  and  become  specially  modified  to  form  the  thorax  to 
»  h  ch  the  three  pairs  of  locomotive  limbs,  characteristic  of  per 
Insects,  are  attached.  Two  additional  pairs  of  locomotive 


Fig.  225.— A,  One  of  the  Dr 


'  carrying  the  "eye's",  an "d^fof  ZS)  fPP  disSeCted,  ''  h  Head, 
segments  of  the  thorax  slightly  separated  from  J  *  Irs  ’  second,  and  third 

legs  and  the  two  last  carryingeacH  pair  of  win^c  •  ead'  CarTnS  a  Pair  of 

or  “ larva,”  of  the  same.  C  Second  VI gs  >  «  Abdomen.  B,  Young  form, 

( Libellula  depressa ),  showing  the  feelerVor  antennal  'i  Heacl  a  Dragon-fly 
pair  of  jaws  (;«),  and  the  upper  lip  (/).  the  eyes  (e  e),  the  hinder 


hK  toUs  r&are  dTl01)jd','>  most  im-  the 

IrsrJ rt  rer  dcvete»cd  “EenN: 

somites  f  om  ,hb“  '  T‘rf  ‘  p0rtions  of  the  abdominal 
phosedmtno  tugith  backwards,  are  often  metamor- 

I  joseci  into  apparatuses  .inn  an,  r 


phosed  'intn  Inn  *  S  Backwards,  are  often  metamor- 
( Huxley)  PParatuses  ancillary  to  the  generative  function  ” 

more  orlesf  hTn11  °i  in  the  mature  condition,  is 

.forms  a  resistfn^e^  depositlon  of  chitine,  and  usually 
tached  Th  P  exoskeleton>  to  which  the  muscles  are  at- 
ed.  The  four  segments  of  the  head  are  amalgamated 
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into  a  single  piece,  which  bears  a  pair  of  jointed  feelers  or 
antenna;,  a  pair  of  eyes,  usually  compound,  and  the  append¬ 
ages  of  the  mouth.  The  segments  of  the  thorax  are  also 
amalgamated  into  a  single  piece ;  but  this,  nevertheless,  admits 
of  separation  into  its  constituent  three  somites  (figs.  2^4, 

These  are  termed  respectively,  from  before  backwards,  the 
“prothorax,”  “mesothorax,”  and  “metathorax,”  and  each  bears 
a  pair  of  jointed  legs.  In  the  great  majority  of  Insects,  the 
dorsal  arches  of  the  mesothorax  and  metathorax  give  origin 

each  to  a  pair  of  wings.  _  .  .  .  , 

Each  leg  consists  of  from  six  to  nine  joints  (see  ng.  2 _  ). 

The  first  of  these,  which  is  attached  to  the  sternal  surface  of 
the  thorax,  is  called  the  “coxa,”  and  is  succeeded  by  a  short 
joint,  termed  the  “trochanter.”  The  trochanter  is  followed  by 
a  joint,  often  of  large  size,  called  the  “femur,  succeeded  by 
the  so-called  “tibia,”  and  this  has  articulated  to  it  the  ‘  tarsus, 
which  may  be  composed  of  from  one  to  five  joints. 

The  wings  of  Insects  are  expansions  of  the  sides  of  the 
meso-  and  meta-thorax,  these  expansions  being  supported  by 
slender  but  firm  tubes,  known  as  the  “  nervures.  Each  nen- 
ure  consists  of  a  central  trachea  or  air-tube,  running  in  the 
centre  of  a  larger  blood-tube  ;  so  that  the  wings  not  only  act 
as  organs  of  flight,  but  at  the  same  time  assist  in  the  process 
of  respiration.  N ormally,  two  pairs  of  wings  are  present,  u 
one  or  other  may  be  wanting.  In  the  Coleoptera  (Beetles)  the 
anterior  pair  of  wings  become  hardened  by  the  deposition  of 
chitine,  so  as  to  form  two  protective  cases  for  the  hinder 
membranous  wings.  In  this  condition  the  anterior  wings  are 
known  as  the  “  elytra,”  or  “  wing-cases.  In  some  of  the 
Hemiptera  this  change  only  affects  the  inner  portions  of  the 
anterior  wings,  the  apices  of  which  remain  membranous,  and 
to  thSe  the  Term  “hlmelytra”  is  applied.  In  the  D.ptera  the 
posterior  pair  of  wings  are  rudimentary,  and  are  converter^ 
into  two  capitate  filaments,  called  “  halteres  or  '  balancers. 
In  the  Strepsiptera  the  anterior  pair  of  wings  are  rudimentary, 
and  are  converted  into  twisted  filaments. 

The  typical  number  of  somites  in  the  abdomen  of  the  Jn- 
secta  is  ten  or  eleven,  and  this  number  can  sometimes  be 
recognised  in  the  Orthoptera  and  some  other  forms.  In  the 
Hvmenoptera  and  Lepidoptera  not  more  than  nine  or  ten  can 
be  recognised,  and  in  many  cases  even  fewer  can  be  made  out. 
The  abdominal  somites  are  usually  more  or  less  freely  mov¬ 
able  upon  one  another,  and  never  carry  locomotive  limbs 
The  extremity  of  the  abdomen  is,  however,  commonly 
nished  with  appendages,  which  are  connected  with  the  gen- 
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erative  function,  and  not  infrequently  serve  as  offensive  and 
defensive  weapons.  Of  this  nature  are  the  ovipositors  of 
Ichneumons  and  other  insects,  and  the  sting  of  Bees  and 

asps.  In  the  Earwig  ( Forficula )  these  caudal  appendages 
form  a  pair  of  forceps ;  whilst  in  many  insects  they  are  in  the 
form  of  bristles,  by  which  powerful  leaps  can  be  effected,  as  is 
seen  in  the  Spring-tails  {Podurce).  In  some  insects  (as  the  Mole- 
cricket  and  the  male  Cockroach),  one  of  the  hindmost  abdo¬ 
minal  segments  carries  jointed  antenniform  appendages,  which, 
though  perhaps  partially  or  even  primarily  generative  in  func¬ 
tion,  are  certainly  organs  of  sense,  being  connected  with  smell 
or  hearing. 

1  he  organs  of  the  mouth  in  Insects  are  collectively  termed 
the  ‘  trophi,”  or  “  instrumenta  cibaria.”  Two  principal  types 
require  consideration  —  namely,  the  masticatory  and  the  suc¬ 
torial  both  types  being  sometimes  modified,  and  occasionally 
combined. 

In  the  Masticatory  Insects,  such  as  the  Beetles  (fig.  226,  A), 


m  d? 
A 


l 


la 


g'th  6;m^a  f  ,hA  ™°V!h  of  ins^ts’  enlarged,  (A)  of  a  Beetle  {Carabus\  (B)  of 
for/™)  [S ab'mge  White  Butterfly  (Pont, a  rafia-)  ;  (C)  of  the  Bed-bug  {Citnex  lectu- 
dih  I .  the  mandibles  and  maxillae  being  displaced  to  one  side.  I  Labrum  ;  m  Man- 

of  one  of'AMaX‘a  :  PalPus  l  la  I-abium  ;  Ip  Labial  palpus  ;  an  Base 

01  one  of  the  antennae,  (f  ig.  B  is  slightly  altered  from  Westwood.) 


the  trophi  consist  of  the  following  parts,  from  before  back¬ 
ward :  1.  An  upper  lip,  or  “labrum,”  attached  below  the 
ront  of  the  head;  2.  A  pair  of  biting-jaws,  or  “mandibles,” 
wit  out  palps ;  3.  A  pair  of  chewing-jaws,  or  “maxillae,”  pro¬ 
vided  with  one  or  more  pairs  of  “maxillary  palps,”  or  sensory 
anr  tactile  filaments ;  4.  A  lower  lip,  or  “  labium,”  composed 
0  a  second  coalescent  pair  of  maxillae,  and  also  bearing  a 
pair  of  palpi,  the  “  labial  palps.”  The  primitive  form  of  the 
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labium— that,  namely,  of  a  second  pair  of  maxillae— is  more  or 
less  perfectly  retained  by  the  Orthoptera  and  some  of  the 
Neuroptera.  The  lower  or  basal  portion  of  the  labium  is 
called  the  “mentum,”  or  chin,  whilst  the  upper  portion  is 
more  flexible,  and  is  termed  the  “  ligula.”  The  central  por¬ 
tion  of  the  ligula  is  often  developed  into  a  kind  of  tongue, 
which  is  very  distinct  in  some  Insects  (as  in  Bees),  and  is 
termed  the  “  lingua,”  while  its  lateral  portions  may  be  developed 
as  special  organs  termed  “  paraglossae.” 

In  the  typical  suctorial  mouth,  as  seen  in  the  Butterflies 
(fig.  226,  B),  the  following  is  the  arrangement  of  parts:  The 
labrum  and  the  mandibles  are  now  quite  rudimentary,  and 
the  first  pair  of  maxillae  is  greatly  elongated,  each  maxilla  form¬ 
ing  a  half-tube.  The  maxillae  adhere  together  by  their  inner 
surfaces,  and  thus  form  a  spiral  “trunk,”  or  “antlia  (inap¬ 
propriately  called  the  “proboscis  ’)  by  which  the  juices  ot 
flowers  are  sucked  up.  To  the  base  of  the  trunk  are  attached 
the  maxillary  palpi,  which  are  extremely  small.  Behind  the 
trunk  is  a  small  labium,  composed  of  the  united  second  pair 
of  maxillae.  The  “  labial  palpi  ”  are  greatly  developed,  and 
form  two  hairy  cushions,  between  which  the  trunk  is  coiled  up 
when  not  in  use. 

In  the  Bee  there  exists  an  intermediate  condition  of  parts, 
the  mouth  being  fitted  partly  for  biting,  and  partly  foi  suction. 
The  labrum  and  mandibles  are  well  developed,  and  retain 
their  usual  form.  The  maxillae  and  the  labium  are  greatly 
elongated  ;  the  former  being  apposed  to  the  lengthened  tongue 
in  such  a  manner  as  to  form  a  tubular  trunk,  which  cannot  be 
rolled  up,  as  in  the  Butterflies,  but  is  capable  of  efficient  suc¬ 
tion.  The  labial  palpi  are  also  greatly  elongated. 

In  the  Hemiptera,  the  “  trophi  ”  consist  of  four  lancet-shaped 
needles,  which  are  the  modified  mandibles  and  maxilla.',  en¬ 
closed  in  a  tubular  sheath  formed  by  the  elongated  labium 
(fig.  226,  C).  Lastly,  in  the  Diptera— as  in  the  common 
House-fly — there  is  an  elongated  labium,  which  is  channelled 
on  its  upper  surface  for  the  reception  of  the  mandibles  and 
maxillae,  these  being  modified  into  bristles  or  lancets. 

The  mouth  in  Insects  opens  into  a  gullet  (fig.  227,  a),  to 
which  is  appended  a  pair  (or  two  pairs)  of  salivary  glands, 
furnished  often  with  a  capacious  “salivary  receptacle’  on  each 
side.  The  hinder  portion  of  the  oesophagus  is  dilated  into  a 
membranous  sac  or  “crop”  (fig.  227,  b ),  often  of  great  size. 
From  the  crop  the  food  passes  into  a  muscular  division  ot  the 
stomach,  which  is  known  as  the  “gizzard”  or  “proventricle. 
The  gizzard  is  adapted  for  crushing,  plates  or  teeth  of  clntine 
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nf  Pfd  ?  lt®.w?lls-  h  IS  succeeded  by  a  longer  division 

ol  the  stomach,  the  lining  of  which  is  glandular,  and  which  is 
known  as  the  chylific  stomach,”  or  “  ventriculus  chylopoieticus  ” 
(hg.  227,  d).  Digestion  is  car-  ' 

ried  on  here,  and  the  commence¬ 
ment  of  the  chylific  stomach  is 
sometimes  furnished  with  a  cir¬ 
cle  of  blind  tubes,  which  appear 
to  represent  a  liver.  From  the 
chylific  stomach  proceeds  an 
intestine  of  variable  length, 
which  terminates  in  a  dilated 


•cloaca”  (fig.  227,  g).  Behind 


the  chylific  stomach  is  a  variable 
number  of  cfecal  convoluted 


tubes  (fig.  227,  e)  which  open 


into  the  commencement  of  the 
intestine,  and  which  are  known 
as  the  “  Malpighian  tubes.” 

There  are  usually  four  or  six 
Malpighian  vessels,  and  their 
function  is  undoubtedly  excre¬ 
tory,  so  that  they  correspond 
with  the  kidneys  of  the  higher 
animals.  The  “  silk  -  glands,” 
which  are  present  in  the  larvae 
of  Insects,  are  large  tubular 
organs  contained  in  the  abdo¬ 
men,  and  they  may  be  regard¬ 
ed  as  modified  salivary  glands. 

They  open  by  a  projecting  tub¬ 
ular  aperture  (the  “spinneret”) 
placed  upon  the  labium.  Rarelv 
(m  Myrmeleo)  there  are  silk- 
glands  opening  in  the  abdomin¬ 
al  region.  There  are  no  absorb¬ 
ent  vessels,  and  the  products 
of  digestion  simply  transude 
through  the  walls  of  the  ali¬ 
mentary  canal  into  the  sinuses 

Ti,lrre&Ular  cav*^es  which  exist  between  the  abdominal  organs, 
e  apparatus  of  digestion  does  not  differ  essentially  from 

is  o-pn  °V'n  in  an,y-  tIle  Insects ;  but  the  alimentary  canal 
,»  generally  speaking,  considerably  lengthened  in  the  herbivor- 
■  ous  species. 


r  z®7;— Alimentary  canal  of  a  Beetle 
(C arabus  auratus').  a  <  Esophagus  ;  b 
u°ri  C  ^'*zzard  i  d  Wide  portion  of 
chylific  stomach  ;  d'  Narrow  portion  of 
the  chylific  stomach  ;  ,■  Malpighian 
tubes  ;  /  Intestine  ;  g  Cloaca  ;  / i  Anal 
glands.  (After  Dufour.) 
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There  is  no  absolutely  definite  course  of  the  circulation  in 
the  Insects.  The  propulsive  organ  of  the  circulation  is  a  long 
contractile  cavity,  situated  dorsally  and  termed  the  “dorsal 
vessel”  (fig.  228,  h).  This  is  composed  of  a  number  of  sacs 


a  Coxa  of  one  leg ;  b  Trochanter  ;  c  Femur  ;  d  1  .bia  ,  <  lar.us.  f  Auer 


(ordinarily  eight),  opening  into  one  another  by  valvular  aper¬ 
tures,  which  allow  of  a  current  in  one  direction  only  viz  , 
towards  the  head.  The  blood  is  collected  from  the  irregular 
venous  sinuses  which  are  formed  by  the  lacunae  and  interstice 
between  the  tissues,  and  enters  the  dorsal  vessel  from >  behi i  , 
and  by  lateral  valvular  openings;  it  is  then  driven  or  .  . 

and  is  expelled  at  the  anterior  extremity  of  the  body.  1  he 
blood  of  the  Insecta  is  corpusculated,  and  usually  colourles  . 
Whilst  the  general  belief  is  that  there  is  no  regular  system  of 
blood-vessels  (arteries  and  veins),  and  that  the  blood  simf  y 
circulates  through  the  interstices  of  the  tissues  some  observers 
affirm  the  partial  existence  of  true  vessels  and  others  main  am 
that  the  blood  circulates  in  the  spaces  between  the  tracheae 
a'id  their  enveloping  sheaths,  which  thus  become  converted 


into  blood-vessels. 

Respiration  is  effected  by 
tubes,  which  commence  at„ 
apertures,  called  “  stigmata, 


means  of  “tracheae,”  or  branched 
the  surface  ot  the  body  by  lateia 
or  “  spiracles,”  and  ramify  throug  i 
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e\  ery  part  of  the  animal.  In  structure  the  tracheae  are  mem¬ 
branous,  but  their  walls  are  strengthened  by  a  chitinous  fila¬ 
ment,  which  is  rolled  up  into  a  continuous  spiral  coil.  In 
many  cases  the  tracheae  are  connected  with  membranous  dila¬ 
tations  or  “tracheal  vesicles,”  which  are  distributed  in  the 
thorax  and  abdomen,  and  serve  as  air-receptacles.  The  walls 
of  these  tracheal  vesicles  are  not  supported  by  an  internal 
coiled  fibre.  The  renovation  of  the  air  in  the  tracheal  system 
is  effected  by  the  movements  of  the  abdominal  segments.  The 
wings,  also,  whilst  acting  as  organs  of  locomotion,  doubtless 
subserve  respiration,  the  nervures  being  hollow  tubes  filled 
with  blood  and  enclosing  tracheae.  In  the  aquatic  larvae  of 
such  insects  as  the  May-flies  and  Caddis-flies,  the  body  is 
furnished  with  variously-shaped  lateral  outgrowths,  which  are 
riclfly  supplied  with  tracheae,  and  are  known  as  “tracheal 
gills  ;  and  it  is  by  these  organs  that  respiration  is  carried  on. 
In  many  of  the  Dragon-flies  the  walls  of  the  terminal  portion 
of  the  intestine  are  supplied  with  tracheae,  and  water  is  pumped 
in  and  out  of  the  rectum,  the  function  of  respiration  being  thus 
discharged.  With  very  rare  exceptions  (e.g.,  in  the  Orthop¬ 
terous  genus  Pteronarcys ),  the  tracheal  gills  are  purely  larval 
structures,  and  disappear  when  maturity  is  attained. 

The  so-called  “fat  body”  of  Insects  is  an  accumulation  of 
iatty  matter  in  lobulated  masses,  which  lie  between  the  body- 
wall  and  the  viscera,  and  occupy  the  spaces  between  the  latter, 
ine  fat  body  is  especially  developed  in  the  larva  towards  the 
full  period  of  its  growth,  and  is  used  by  the  insect  as  a  store 
ol  nutriment  in  its  pupal  stage,  and  in  the  formation  of  the 
reproductive  organs. 

The  nervous  system  in  Insects,  though  often  concentrated 
into  special  masses,  consists  essentially  of  a  chain  of  ganglia 
placed  ventrally,  and  united  together  by  a  series  of  double 
cords  or  commissures.  The  cephalic  or  “  prae-oesophageal  ” 
ganglia  are  of  large  size,  and  distribute  filaments  to  the  eyes 
and  antennae.  The  first  post-oesophageal  ganglia  are  united  to 
me  preceding  by  cords  which  form  a  collar  round  the  gullet 
and  they  supply  the  nerves  to  the  mouth,  whilst  the  next  three 
ganglia  furnish  the  nerves  to  the  legs  and  wings.  In  larvae 
tmrteen  pairs  of  ganglia  may  often  be  recognised.  In  the 
adults  however,  of  the  higher  groups  of  Insects  (such  as  the 
^oieoptera,  Hymenoptcra,  Diptera ,  and  Lepidoptera),  the  thoracic 
ganglia  coalesce  into  a  single  mass,  while  the  abdominal  ganglia 
W  ^  similarly  fused  with  one  another, 
in  ]The  or£ans  sense  are  the  eyes  and  antennae.  The  eyes 
nsects  are  usually  “  compound,”  and  are  composed  of  a 


MANUAL  OF  ZOOLOGY. 


393 

number  of  hexagonal  lenses,  united  together,  and  each  sup¬ 
plied  with  a  separate  nervous  filament.  Besides  these,  simple 

eyes _ “  ocelli,”  or  “  stemmata,”— are  often  present,  or,  in  rare 

cases,  may  be  the  sole  organs  of  vision.  In  structure  these 
resemble  the  single  elements  of  the  compound  eyes.  In  a 
few  cases  the  eyes  are  placed  at  the  extremities  of  stalks 
or  peduncles,  but  in  no  case  are  these  peduncles  movably 
articulated  to  the  head,  as  is  the  case  in  the  Podophthalmous 
Crustaceans.  The  antenna;  are  movable,  jointed  filaments, 
attached  usually  close  to  the  eyes,  and  varying  much  in  shape 
in  different  Insects.  They  doubtless  discharge  the  functions 
of  tactile  organs,  but  are  probably  the  organ  of  other  more 
recondite  senses  in  addition. 

The  sexes  of  Insects  are  in  different  individuals,  and  the 
males  and  females  often  exhibit  markedly  different  characters. 
rp]i0  o-enerative  organs  of  the  female  consist  of  two  oiaries, 
each  of  which  is  composed  of  a  greater  or  less  number  of 
ovarian  tubes.  Each  ovary  possesses  a  Fallopian  tube,  and 
the  two  Fallopian  tubes  open  into  a  common  oviduct,  which 
in  turn  opens  by  the  intervention  of  a  shoit  vagina  on  the 
surface.  Appended  to  the  oviduct  are  tubular  glands  (“  col- 
leterial  glands”),  the  glutinous  secretion  of  which  invests  the 
eggs  in  their  passage  outwards,  often  uniting  them  into  chains 
or  masses,  or  serving  to  cement  them  to  foreign  bodies.  Ap¬ 
pended  also  to  the  oviduct  there  is  usually  a  vesicular  recep¬ 
tacle  (the  “  spermatheca  ”),  the  function  of  which  is  to  stoie  up 
the  semen  of  the  male  at  the  time  of  impregnation,  so  that  the 
female  can  thereafter  continue  to  impregnate  the  successively 
produced  ova  for  a  longer  or  shorter  period.  The  male  organs 
consist  of  a  pair  of  testes  with  vasa  deferentia,  opening  into  a 
common  ejaculatory  duct,  the  termination  ot  which  is  furnished 
with  a  copulatory  organ.  There  are  also  usually  accessoiy 
glands,  the  function  of  which  is  to  form  the  spermatozoa  into 
packages  or  “  spermatophores.” 

Though  hermaphroditism  does  not  occur  among  Insects 
(except  as  an  abnormality),  the  generative  organs  are  not 
invariably  developed,  or  may  be  incompletely  developed,  in 
some  individuals.  Thus  among  Social  Insects,  the  com¬ 
munity  not  only  consists  of  males  and  females,  but  also  of 
“  neuters  ”  or  individuals  in  which  the  reproductive  organs 
are  incomplete.  In  Bees,  Wasps,  &c.,  the  “neuters”  are 
simply  imperfectly  developed  females,  but  in  the  case  ot  the 
White  Ants  they  are  of  no  fully  developed  sex. 

While  sexual  reproduction  is  the  rule  among  Insects,  non- 
sexual  reproduction  also  takes  place  occasionally.  11  e  par 
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thenogenetic  reproduction  of  the  Honey-bee  and  of  Aphides  has 
been  previously  alluded  to.  (See  Introduction.)  There  are  also 
cases  in  which  the  larval  insect  has  the  power  of  reproducing 
itself,  while  its  reproductive  organs  are  still  undifferentiated.  & 
Generally  speaking,  the  young  insect  is  very  different  in 
external  characters  from  the  adult,  and  it  requires  to  pass 
through  a  series  of  changes,  which  constitute  the  “metamor¬ 
phosis,  before  attaining  maturity.  In  some  Insects,  however 
theie  appears  to  be  no  metamorphosis,  and  in  some  the 
changes  which  take  place  are  not  so  striking  or  so  complete 
as  in  others.  By  the  absence  of  metamorphosis,  or  by  the 
degree  of  its  completeness  when  present,  Insects  are  divided 
into  sections  called  respectively  Ametabola ,  Hemimetabola, 
and  Holometabola ,  which,  though  not,  perhaps,  of  a  very  high 
scientific  value,  are  nevertheless  very  convenient  in  practice & 
^rtion  i.  A  metabolic  Insects. — These  pass  through  no  meta¬ 
morphosis,  and  also,  in  the  mature  condition,  are  destitute  of 
wings.  The  young  of  these  insects  (Aptera)  on  escaping  from 
the  ovum  resemble  their  parents  in  all  respects  except  in  size  • 
and  though  they  change 
their  skins  frequently 
they  undergo  little  al 
deration  before  reach- 
ins 


the  perfect  condi¬ 
tion,  except  that  they 
grow  larger. 

Section  2.  Hemimeta- 
bolic  Insects.  —  In  the 
insects  belonging  to 
this  section  there  is  a 
metamorphosis  consist¬ 
ing  of  three  stages. 

The  young  on  escap¬ 
ing  from  the  ovum  is 
termed  the  “  larva  ”  : 
when  it  reaches  its 
second  stage  it  is  call¬ 
ed  the  “  pupa,”  or 
nymph”;  and  in  its 
third  stage,  as  a  per- 

“  larv-i^n'1  ’s  Ca^e^  the  “imago.”  In  the  Hemimetabola,  the 
“inn  ’  »  "'rlr  c°nrsf  much  smaller  than  the  adult,  or 
of  win?-  tT'^e.rs  fr°.m  it  'n  little  else  except  in  the  absence 
liVn  ti^S’  1  is  active  and  locomotive,  and  is  generally  very 
ie  adult  in  external  appearance  (fig.  229,  A).  The 


'  ig.  229.  Different  stages  in  the  metamorphosis  of  a 
Grasshopper.  A,  Larva  ;  B,  Pupa,  with  the  rudi¬ 
mentary  wings ;  C,  Adult  or  imago,  with  the  fully- 
developed  wings. 
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“  nuna  ”  again,  is  a  little  larger  than  the  larva,  but  really 
differs ’from  it  in  little  else  than  in  the  fact  that  the  rudi¬ 
ments  of  wings  have  now  appeared,  in  the  form  of  lobes 
enclosed  in  cases.  The  “pupa”  is  still  active  and  loco¬ 
motive,  and  the  term  “nymph”  is  usually  applied  to  it.  1  he 
pupa  is  converted  into  the  perfect  insect,  or  imago,  by  the 
liberation  of  the  wings  and  the  development  of  the  repro¬ 
ductive  organs.  From  the  comparatively  small  amount  of 
difference  between  these  three  stages,  and  from  the  active 
condition  of  the  pupa,  this  kind  of  metamorphosis  is  said  to 

be  “incomplete.”  ,  ,. 

In  some  members  of  this  section,  however— such  as  the 
Dragon-flies  — the  larva  and  pupa  are  aquatic,  whereas  the 
imago  leads  an  aerial  life.  In  these  cases  (fig.  225)  iere  1 
necessarily  a  considerable  difference  between  the  larva .and _  the 
adult ;  but  the  larva  and  pupa  are  closely  alike,  and  the  latte 

3.  Holometabolic  / nsects.  —  These  comprising  the 

Butterflies?  Moths.  Beetles.  Stc.-p.ss  through  three  stages 
which  differ  greatly  from  one  another  in  appearance,  the 
metamorphosis,  therefore,  being  said  to  be  “complete.  n 
these  insects  (fig.  2^0)  the  “larva”  is  vermiform,  segmented, 
and  usually  provided  with  locomotive  feet,  which  do  not 
correspond  with  those  of  the  adult,  though  these  latter  are 
usually  present  as  well.  In  other  cases  the  larva  is  destitute 
of  legs,  or  is  “apodal.”  The  larva  is  also  provided  with 
masticatory  organs,  and  usually  eats  voracious  y.  n  us 
stao-e  of  the  metamorphosis  the  larvae  constitute  what  aie 
usually  called  “caterpillars”  and  “grubs.”  Haying  remained 
in  this  condition  for  a  longer  or  shorter  length  of  time,  and 
having  undergone  repeated  changes  of  skin,  or  •  moults, 
necessitated  by  its  rapid  growth,  the  larva  passes  into  the 
second  stage,  and  becomes  a  “pupa.”  The  insect  is  now 
perfectly  quiescent,  unless  touched  or  otherwise  nutated,  s 
Incapable  of  changing  it,  place,  and  is  often  attached  »  some 
foreign  object.  This  constitutes  what— in  the  case  (i  t 
Le  JioPtera- is  generally  known  as  the  “chrysalis,”  or  “aurelia 
(\'S  2 ;o).  The  body  of  the  pupa  is  usually  covered  by  a 
c  Inti  nous  pellicle,  which  closely  invests  the  animal  In  some 
cases  (e.z.,  in  many  Dipterous  insects)  no  traces  of  the  futui 
insect  can  be  detected  in  the  pupa  by  external  inspection, 
but  in  the  Lepidoptera  the  thorax  and  abdomen  are  disum  t  > 
recognisable  in  the  pupa, ;  whilst  in  others  (,*,  HymnopJ era) 
Ac of  the  pupa  are  merely  covered  by  a  membra,  e,  and 
are  quite  distinct.  In  some  cases  the  pupa  is  furthe  1 
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tected  within  the  dried  skin  of  the  larva ;  and  in  other  cases 

_ e  arva  immediately  before  entering  upon  the  pupa-staae 

spins,  by  means  of  special  organs  for  the  purpose  V  pro 

'  cocoo“”e’  "'hlCh  SUrrOUnds  chrysalis,  Jd  is'  TJn^d'Z 


Fiz 


23°’  ^Ietaniorphosi's  of  the  Swallow-tail  Butterfly  (Pn*,r.  ,  , 

B.  Pupa  or  chrysalis  Tc.l  J^  ",acha°n)-  A,  Larv 


stage,  and  having  undergone  the  th^  quiescent  pupa- 

lnsect  now  frees  itself  from  f)  necfssary  development,  the 
and  appears  as  the  nerf  ,  ,e  enve^°pe  which  obscured  it, 
of  Z%  U”’  °r  ima«0-”  characterised  bj! 

"■“ch/foMhe  un','u\!'Slril'",il"‘>  Spa“’  k  is  ‘“Possible  to  say 
range,  and  there  are  bmfe"  ^  Insects  have  a  cosmopolitan 
may  not  be  found  f  Sltuatl0ns  ln  nature  in  which  they 

%  ^r  the  larger  number  of  Insects,  during  their  adult 

2  C 


con- 
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dition,  are  terrestrial  or  aerial  in  their  habits,  but  in  many 
cases,  even  among  these,  the  larvie  are  aquatic.  Many  other  in¬ 
sects  live  habitually  during  all  stages  of  their  existence  in  fresh 
water.  A  few  insects  inhabit  salt  water  (either  the  sea  itself 
or  inland  salt  waters)  during  the  whole  or  a  portion  of  their 
existence.  (This  is  the  case  with  two  or  three  Beetles  of  the 
families  Hydrophilidce  and  Dytiscida ,  some  Hemipterous  In¬ 
sects,  and  the  larvae  of  various  Dipteral)  Lastly,  many  insects 
live  parasitically  upon  the  bodies  of  Birds  or  Mammals,  or 
upon  other  Insects,  while  many  others  are  parasitic  upon 
plants. 

As  regards  their  distribution  in  time ,  the  earliest  known 
remains  of  insects  occur  in  the  Silurian  rocks,  and  a  com¬ 
paratively  considerable  number  of  fossil  Insects  are  known 
from  the  succeeding  Devonian  and  Carboniferous  formations. 
All  the  known  Palaeozoic  Insects,  so  far  as  completely  investi¬ 
gated,  belong  to  an  extinct  division  of  Insects  for  which  the 
name  of  Palaodictyoptera  has  been  proposed,  and  which  con¬ 
tains  forms  representative  of  the  existing  orders  of  the  Orthop- 
tera,  Hemiptera ,  Neuroptera ,  and  Coleoptera.  All  the  recent 
orders  just  mentioned,  with  the  addition  of  the  orders  of  the 
Diptera  and  Lepidoptera,  are,  however,  represented  in  rocks 
of  Mesozoic  age. 


CHAPTER  XXXV. 

DIVISIONS  OF  INSECTA. 

The  class  Insecta  includes  such  an  enormous  number  ot 
species,  genera,  and  families,  that  it  would  be  impossible  to 
treat  of  these  satisfactorily  otherwise  than  in  a  treatise  especi¬ 
ally  devoted  to  entomology.  Here  it  will  be  sufficient  to  give 
simply  the  differential  characters  of  the  different  orders,  draw¬ 
ing  attention  occasionally  to  any  of  the  more  important  points 
in  connection  with  any  given  family.  _  .  . 

As  already  said,  the  Insecta  are  divided  into  three  divisions, 
termed  Ametabola ,  Hemimetabola ,  and  Holometabola ,  according 
as  they  attain  the  adult  condition  without  passing  through  a 
metamorphosis,  or  have  an  incomplete  or  complete  metamor¬ 
phosis.  'The  Insects  which  come  under  the  first  head  (viz., 
A  met  a  bold)  are  not  furnished  with  wings  in  the  adult  condition, 
and  the  four  orders  which  compose  this  section  are  commonly 
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grouped  together  under  the  name  Apt  era.  By  some,  however 
this  division  is  entirely  rejected,  and  the  orders  in  question 
aie  placed  amongst  the  Hemimetabola ,  or  even  grouped  with 
the  Myriopoda.  Indeed,  it  is  certain  that  the  orders  of  the 
so-called  Apterous  Insects  are  not,  strictly  speaking,  scientific 
divisions.  It  is,  however,  a  matter  of  convenience  to  retain 
t  lem  m  a  separate  form,  as  it  is  by  no  means  absolutely 
cei tain  how  they  may  most  naturally  be  distributed  amongst 
the  higher  orders. 

Sub-class.  I.  Ametabola.  —  Young  not  passing  through  a 
metamorphosis ,  and  differing  from  the  adult  chiefly  in  size. 
Imago  destitute  of  wings ;  eyes  simple ,  sometimes  wanting. 

Order  I.  Anoplura .—Minute  Aptera,  in  which  the  mouth 
is  formed  for  suction,  and  there  are  two  simple  eyes. 

This  Older  comprises  insects  which  are  commonly  parasitic 
upon  man  and  other  animals,  and  are  known  as  Lice  (Pedi- 


Fii 


of  Aptera.  A,  Pediculus  capitis',  B,  Docophorns  hamatus, 

of  a  P  J,  ;  C,  Campodea ;  D,  Dcgceria ,  one  of  the  Poduridte ;  E,  Scale 

UI  a  jroaurid.  as  seen  nnrW  ™  - -  m  » »  •  , 


of  \a  ’  V,  JJCgcena ,  one  ot  the  l-’odurtda  ;  Scale 

fitrures  ’  aSi  seeiJ  Un^.er  t^ie  microscope  ;  F,  Degeeria  purpurasce7is.  All  the 
nbures  are  greatly  enlarged.  (After  Packard  and  Gervais.) 


CU-  it  a).  I  he  common  Louse  (fig.  231,  A)  is  furnished  with  a 
simp  e  eye,  or  ocellus,  on  each  side  of  a  distinctly  differen- 
ia  ed  head,  the  under  surface  of  which  bears  a  suctorial 
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mouth.  There  is  little  distinction  between  the  thorax  and 
abdomen,  but  the  segments  of  the  former  carry  three  pairs 
of  legs.  The  legs  are  short,  with  short  claws  or  with  two 
opposing  hooks,  affording  a  very  firm  hold.  The  body  is 
flattenecl  and  nearly  transparent,  distinctly  segmented,  and 
showing  the  stigmata  very  plainly.  The  young  pass  throug 
no  metamorphosis,  and  their  multiplication  is  extremely  rapid 
Many  Mammals  are  infested  by  Lice,  the  same  animal  often 
being  subject  to  the  attacks  of  more  than  one  species  of 
Louse  Three  species  commonly  attack  man— viz.,  Pediculu 
capitis ,  P.  vestimenti ,  and  Phthirius  pubis  ;  and  a  fourth  species 
( Pediculus  tabescentium )  is  of  rare  occurrence,  and  gives  rise  to 
the  loathsome  disease  known  as  Phthiriasis. 

The  Lice  are  now  very  commonly  associated  with  the 
Hemiptera,  of  which  they  are  regarded  as  constituting  a 

degraded  and  aberrant  group.  .  .  ,  , 

Order  II.  Mallophaga .—Minute  Aptera ,  in  which  the 
mouth  is  formed  for  Ming,  and  is  furnished  tenth  mandibles 

of  this  order  (fig.  231,  B)  are  commonly  known 
as  “  Bird-lice,”  being  parasitic,  sometimes  upon  Mammals,  bi 
mostly  upon  Birds.  They  strongly  resemble  the  but 

he  mouth  is  formed  for  biting,  to  suit  their  mode  of  life- 
since  they  do  not  live  upon  the  juices  of  then  hosts,  but  upon 
the  more  delicate  tegumentary  appendages.  Ot  the  o 
which  infest  Mammals,  one  of  the  most  familiar  is  the  Lous 
the  1  log  ( Tricliodectes  lotus).  They  are  sometimes  regarded  as 

constituting  a  degraded  group  of  the  J lan  ft  era 

Order  III.  Collembola.— Minute  Apteia,  with  a  semi 
masticatory  or  suctorial  mouth  ;  the  Jirst  abdominal  segment  fur¬ 
nished  with  a  ventral  tube  or  suctorial  organ  ;  the  last  abdominal 

segment  but  one  with  appendages  for  leaping. 

This  order  has  been  established  by  Sir  John  Lubbock  for 
the  reception  of  a  number  of  Insects  genera  ly .  known  as 
“  Sorin<r-tails.”  Their  scientific  name  is  in  allusion  to 
fact1  that  they  attach  themselves  to  foreign  bodies  by  a  double 
,  tml  suctorial  tube,  which  secretes  a  viscous  fluid,  whilst 
their  popular  name  refers  to  their  possessing  saltatory  append- 
1  vs  itt  ached  to  the  last  abdominal  segment  but  one.  lhese 
ages  att  an(j  p)  consist  of  a  long  lorked  pro- 

aP1sC  wlfich  is  generally  bent  along  the  under  surface  of  the 
f  H  When  released,  the  sudden  extension  of  the  elastic 
b  Y'ss  mows  the  insect  into  the  air.  The  body  is  covered 
P>W  wkh  hairs  or  scales,  and  the  latter  exhibit  under  the 
microscope  very  elaborate  and  beautiful  markings  (fig.  -o'- 
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or'o^^f ',e?"y,0fbef0und  in  moist  da*  places  in  gardens, 
p  ,  <■  surface  °i  pools,  and  the  commonest  genera  are 

/  od ura,  S my nt hunts,  and  Degceria. 

tonnnZlZtt  THY,SA™A-  -Minute  Aptera,  with  a  mastica- 

like  t  >■»  '  ’itULJHi  °-f  the  a  Women  furnished  with  long  bristle- 
hhe  terminal  appendages,  used  in  locomotion. 

precedin"SehS  H  th|‘S  °rder  f  f  cIosely  related  t0  those  of  the 
‘‘snrin"  ’>:  ^  "g  f11?1  bnsdes  do  not  usually  form  a 

n-  ^  1 16  moutl  ls  distinctly  masticatory.  In  the 

MtJ  Th V  “SpnnS”  *  present,  resembling  that  of  the 
fi‘  “  ■  o  ’h ',T°  TT PS  Pnera  ^Lcpisma  and  Camfoica 
d  Ptuiti  n  i  'i?  "  "';  ’  'P  Kcnerally  under  stones  or  in 
scales  hese  l'atr  b°d>'  'f  fa,ry’  0r  "'ith  metallic 

mi  ked  “  ,1 1  °rganS  hi"’*  ,n  L‘‘,isma  50  delicately 
microscope  commonly  used  as  test-objects  for  the 

toheTd'T  1°  Pa,ckard’  ,he  Thysanura  and  Collembola  are 
“  ,  ef  rde'las  degraded  groups  of  Neuroftera,  the  former 

lolmf  „bP  fT,eS  T*  ,he  Myriopoda.  Acceding  to  Sn 
resMtad^  of’i  rmay-be  regarded  as  a  modern  rep- 

Shei  Insects  ,  -““I!  T',ent  ‘ri'C-fonns,  from  which  tile 

thelaif^f  HEMIMETABOLA—Afi tamorphosis  incomplete , 
JJ It  Sfr0m  the  ,mas°  M‘fly  '»  <>“  absence  of  mind 

Zil"  m‘-  **»  dually  active,  an,  if descent,  capabl/of  Zll- 

s/SZTll-  ,Rh™chota  (ttemiptera). — Mouth  suctorial,  leak- 
laid m  ’  !stm8  °f  a  Jointed  rostrum,  composed  of  the  elongated 

SZZZ  tl  Iff!’  WfC,‘  a  join, ef, Iff 

Eves  rim*  b  1,7  lstE-shaped,  styliform  mandibles  and  maxilla; 

in  moTPZ'ldt  ■  USUa  y  Wlth  0CelU  aS  WelL  Tu'° Pairs  of  ™mgs 
'n  most,  sometimes  wauttng.  Pupa  generally  active.  * 

wh,ht&Tn  hTHUf0n  ,thG  juic6S  of  Plants  or  animals, 
rostrum.  7  enabled  to  obtain  by  means  of  the  suctorial 

SLSrlS  d^id£d  int°  the  Allowing  three  sub-orders 

•  t]le  ’  Homoptera.  The  anterior  pair  of  wings  of 

1  e  exture  throughout  (membranous);  the  mouth 

*  7' he  1 

Metamorphosis  '  <P°cff'r'  ^■rr?onSgt  the  Rhynchota,  undergo  a  complete 
apterous,  and  in  these  laSs'theV *A*”.chota  *nd  Orthoptera  the  adult  is 
SInce  the  larva-  difft-r  frr  t,lere  cannot  be  said  to  beany  metamorphosis, 
antennm7and  in  hav.n-  n  «  °"Iytin  si“«  in  havin«  '-ver  joints  to 
pound  eyes.  The  Sma  er  number  of  facets  in  each  of  the  coin- 

complete  metamorphosil?  NeuroPtera’  °»  the  other  hand,  pass  through  a 
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turned  backwards,  so  that  the  beak  springs  from  the 
back  of  the  head.  The  wings  fold  over  one  another 
when  the  insect  is  at  rest.  There  are  ocelli  between  the 


Fig.  232.— Rhynchota.  Bean  Aphis  (Aphis  fabce),  winged 


male  and  wingless  female 


PV  —Rhvnchota.  A,  Pentatoma  rutilans ,  with  the  wings  closed.  B,  Rhaphi- 
&  paster  incarnates,  with  the  wings  expanded  in  flight  :  a,  Anterior  wing  (hemely* 
tron),  with  its  basal  portion  hardened  by  chitine  ;  b,  Posterior  membranous  wing. 


compound  eyes,  and  the  antennae  are  small  and  composed 
of  few  joints.  The  females  often  have  an  ovipositor  ot 
three  toothed  blades.  In  this  section  are  the  Aphides, 
the  Scale  Insects  ( Coccidce ),  the  Cicadas,  the  Lantern- 
flies  ( Fulgora ),  &c. 

As  typical  examples  of  the  Homoptera  may  be  taken  the 
Cicadas  (fig.  234,  C),  the  males  of  which  are  well  known  for 
their  power  of  emitting  a  musical  note  or  chirp,  lhe  1  lant- 
lice  or  Aphides  (fig.  232)  live  upon  the  juices  ot  plants,  an 
enormous  number  of  species  being  known.  They  may  possess 
two  pairs  of  membranous  wings,  or  none,  and  they  give  birth 
to  innumerable  young  in  the  summer  months  by  a  process 
of  parthenogenesis.  The  hinder  end  of  the  abdomen  usually 
carries  two  tubular  organs  or  “cornicles”  (fig.  232),  irom 
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which  a  sweet  fluid  (“honey-dew”)  is  excreted.  The  singu¬ 
lar  Scale-insects  ( Cocadce )  have  the  males  winged,  whilst  the 
females  are  deformed,  often  scale-like,  and  devoid  of  wings. 
The  dried  female  of  the  Cochineal  Insect  ( Coccus  cacti)  con¬ 
stitutes  the  cochineal  of  commerce,  and  the  Coccus  lacca  yields 
lac-dye,  while  shell-lac  is  the  resinous  exudation  which  flows 
from  the  punctures  which  the  insect  makes  in  trees. 

Sub-order  b.  Heteroptera. — Anterior  wings  membranous  near 
their  apices,  but  chitinous  towards  the  base  (hemelytra) ; 
the  rostrum  springing  from  the  front  of  the  head.  The 
inner  margins  of  the  wings  are  straight  or  contiguous. 
1  he  antennre  are  moderate  in  size,  and  usually  composed 
of  a  few  large  joints. 

Of  the  external  characters  of  the  Heteropterous  Rhy?ichota  or 
‘‘  Bugs,”  the  most  marked  is  the  peculiar  nature  of  the  anterior 
wings.  These,  namely,  are  in  the  form  of  “  hemelytra  ”  (fig. 
233)  a)>  having  their  bases  chitinous,  and  their  apices  mem¬ 
branous.  It  was  from  this  character  that  the  name  of  Hemip- 
tera  has  been  so  often  given  to  the  entire  order  of  the 
Rhynchota ;  the  name  being,  however,  inappropriate,  as  the 
anterior  wings  are  membranous  in  the  insects  belonging  to  the 
preceding  section  of  the  order. 

The  Heteroptera  are  divided  into  the  two  tribes  of  the 
Hyd) ocorisce  (Water-bugs),  and  Geocorisce  (Land-bugs),  accord- 


Fig-  234-  —Rhynchota.  A,  Thrifts,  enlarged ;  B,  Nefta  cinerea,  enlarged ;  C,  Cicada 
Anghca ,  the  wings  on  the  right  side  of  the  body  being  omitted;  D,  Larva  of  the 
same  ;  E,  Pupa  of  the  same.  (Figs.  C,  D,  and  E  are  after  Westwood.) 

mg  as  they  are  aquatic  or  mainly  terrestrial  in  their  habits. 
Ot  the  former,  familiar  examples  are  the  Boat-flies  ( Notouecta ), 
and  the  Water-scorpions  (Nepa,  fig.  234,  B).  Of  the  latter 
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group,  the  most  typical  examples  are  the  Forest-bugs  and 
Field-bugs,  such  as  Pentatoma  (fig.  233,  A).  Another  familiar 
type  is  the  Bed-bug  ( Cimex  leciularius ),  in  which  the  hind- 
wings  are  absent,  and  the  hemelytra  are  rudimentary. 

Sub-order  c .  Thysanopiera.  —  Mouth  with  mandibles  and 
maxillae,  furnished  with  palpi.  The  wings  with  few  or  no 
nervures,  fringed.  In  this  sub-order  are  only  the  little 
insects  which  form  the  genus  Thrips  (fig.  234,  A),  and 
some  allied  forms.  They  live  upon  plants,  and  difler 
from  the  typical  Rhynchota  both  in  the  structure  of  the 
wings,  and  in  the  fact  that  the  beak-like  rostrum  really 
contains  palpate  mandibles  and  maxillae.  1  lie  insects 
forming  this  little  group  are  often  included  in  the  Orthop- 
tera ,  with  which  they  are  in  various  respects  allied. 

Order  VI.  Orthoptera. — Mouth  masticatory;  wings 
four,  sometimes  wanting;  the  anterior  pair  mostly  smaller  than 
the  posterior ,  semi-coriaceous  or  leathery ,  usually  with  numerous 
nervures,  the  interspaces  between  which  are  filled  with  many 
transverse  reticulations;  sometimes  overlapping  horizontally 
(Cockroach),  sometimes  meeting  like  the  roof  of  a  house 
(Grasshoppers).  Posterior  wings  usually  having  their  front 
portion  of  a  different  texture  from  their  hinder  portion,  this  latter 
beim r  almost  always  more  transparent,  and  when  not  in  use 
folded  longitudinally  like  a  fan.  Posterior  wings  often  wanting 
in  the  females  of  the  Blattidce.  Antennae  usually  filiform. 


Metamorphosis  incomplete.  (Sometimes,  however,  the  adult  is 
apterous,  when  it  becomes  almost  impossible  to  distinguish 

the  larva,  pupa,  and  imago.)  . 

This  order  includes  a  number  of  well-known  insects,  most 
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of  which  are  vegetable-feeders.  Some  of  the  Orthoptei-a,  such 
as  the  Cockroaches  ( Blattidcc ,  fig.  235)  have  slender  legs,  and 
are  adapted  for  running  {cursorial).  Others  are  suited  for 
walking,  and  are  said  to  be  gressorial.  Amongst  these  are  the 
Alan  tides,  with  their  great  raptorial  front-legs,  and  the  singular 
^  alking  Leaves  and  Stick-insects  (the  Fhasmidce).  Others, 
again,  are  saltatonal ,  having  the  hind -legs  elongated  and 
adapted  for  leaping  (fig.  229).  In  this  section  are  the  Crickets 
and  Mole  -  crickets  ( Gryllidce  or  Aehetidce),  and  the  Grass¬ 
hoppers  and  Locusts  ( Acr/dudce  and  Locustidce).  The  Saltatory 
Orthoptera  are  all  vegetable-feeders,  and  whilst  many  of  them 
commit  serious  depredations  upon  green  crops  and  grass,  the 
ravages  of  the  Migratory  Locust  {( Edipoda  migratoria )  are  in 
this  respect  unrivalled.  Finally,  there  is  a  small  section  of 
the  Orthoptera  which  includes  the  Earwigs  ( Forficulidce ),  and 
which  has  been  raised  to  the  rank  of  a  'distinct  order  under 
the  name  of  Euplexoptera.  In  this  group  (fig.  236),  the  last 
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Fig.  236.— The  Earwig  (.Forficula  auricularia).  A,  Larva  ;  E,  Pupa  ;  C,  Imago 

segment  of  the  abdomen  carries  a  pair  of  nippers,  the  ante¬ 
rior  wings  are  very  short,  and  the  posterior  wings  are  mem- 
ranous,  and  are  iolded  up  both  longitudinally  and  trans- 
versely,  being  useless  for  flight. 

Order  VII.  Neuroptera  ( Odonata).— Mouth  usually  mas¬ 
ticatory  ;  wings  four  in  number,  all  membranous,  generally 
neatly  equal  in  size,  traversed  by  numerous  delicate  nervures ,  which 
niot  a  longitudinal  and  transverse  direction ,  thus  giving  them  a 
reticulated,  lace-hke  aspect.  Metamorphosis  in  some  groups  incom- 
P  Ac,  in  other  groups  complete.  The  larva  active,  hexapod ,  the 
pupa  active  or  quiescent. 

1  he  order  Neuroptera  includes  a  number  of  Insects  which 
are  so  different  in  their  characters,  habits,  and  metamorphoses, 
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that  they  are  sometimes  placed  in  three  separate  and  special 
groups.  The  first  section  includes  what  may  be  termed  nor¬ 
mal  Neuroptera ,  such  as  the  Ant-lions  ( Mynneleontid.ee ),  the 
Aphis-lions  ( Hemerobiidce ,  fig.  237),  the  Scorpion-flies  ( Panor - 


pi  dec),  and  the  Sialidce.  The 
second  section  includes  the 
Dragon  -  flies  ( Libellulidtz ), 
the  May- flies  ( Ephemendce ), 
the  Stone-flies  \Perlidce),  the 
White  Ants  ( Term  it  idee),  and 
some  less  important  families. 
These  are  often  placed  in 
the  Orthoptera,  under  the 
common  name  of  Pseudo- 
neuroptera.  Lastly,  we  have 
a  section  sometimes  elevat¬ 
ed  to  the  rank  of  a  distinct 
order  under  the  name  of 
Trichoptera ,  for  the  reception 
of  the  singular  Caddis-flies 
(Phryganeidce).  In  this  group 
the  anterior  wings  are  gener- 


j 


Fig.  237. — Neuroptera.  Aphis-lion  {Chrysopa. 
pcrla ),  imago,  larva,  and  eggs. 


ally  hairy,  the  mandibles  are  rudimentary,  the  larva  usually 
resides  in  a  case  formed  of  small  foreign  bodies,  and  the  pupa 
is  inactive  during  the  greater  part  of  its  life. 

Amongst  the  more  remarkable  of  the  Neuroptera  are  the  so-called 
“White  Ants”  or  Termites,  a  brief  description  of  which  may  be  given 
here.  The  Termites  are  social  insects,  living  in  organised  communities, 
and  they  are  mostly  inhabitants  of  hot  countries.  (It  must  be  borne  in 
mind  that  though  often  called  “White  Ants,”  they  stand  in  no  relation  to 
the  true  Ants.)  Mr  Bates  has  given  us  an  excellent  description  of  the  habits 
of  these  singular  insects,  from  which  much  of  what  follows  has  been  taken. 

Each  species  of  Termites  consists  of  several  distinct  orders  or  castes, 
which  live  together,  and  constitute  populous,  organised  communities. 
They  inhabit  structures  known  as  “Termkaria,”  consisting  of  mounds 
or  hillocks,  some  of  which  are  “  five  feet  high,  and  are  formed  of  par¬ 
ticles  of  earth  worked  into  a  material  as  hard  as  stone.”  1  he  I  ermitarium 
has  no  external  aperture  for  ingress  or  egress,  as  far  as  can  be  seen,  the 
entrance  being  placed  at  some  distance,  and  connected  with  the  central 
building  by  means  of  covered  ways  and  galleries.  Each  '1  ermitarium  is 
composed  of  “  a  vast  number  of  chambers  and  irregular  intercommunicat- 
ing  galleries,  built  up  with  particles  of  earth  or  vegetable  matter,  cemented 
together  with  the  saliva  of  the  insects.”  Many  of  “  the  very  large  hillocks 
are  the  work  of  many  distinct  species,  each  of  which  uses  materials  differ¬ 
ently  compacted,  and  keeps  to  its  own  portion  of  the  tumulus.” 

A  family  of  Termites  (fig.  23S)  consists  of  a  king  and  queen,  of  the 
workers,  and  of  the  soldiers.  According  to  the  researches  of  Lespes, 
Bates,  and  Fritz  Muller,  the  workers  and  soldiers  amongst  the  1  ermites 
are  not  sterile  females,  but  modified  larva,  which  belong  to  both  sexes,  and 
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aie  arrested  in  their  development  (or,  rarely,  males  and  females  in  which 
the  reproductive  organs  are  rudimentary).  Fritz  Muller  has  further  dis¬ 
covered  that,  in  addition  to  the  winged  males  and  females  which  are 
periodically  produced  in  great  numbers,  there  exists  in  some,  if  not  in  all, 


Fig.  238.  Different  individuals  of  the  colony  of  one  of  the  Termites.  A,  The  Queen 
before  the  wings  are  shed  ;  D,  The  queen  after  the  wings  are  thrown  off  and  the  ab¬ 
domen  has  become  greatly  distended  with  eggs  ;  C,  Worker ;  B,  Soldier. 


of  the 


species  a  second  set  of  males  and  females,  which  are  destitute  of 
wings.  These  complementary  males  and  females  never  leave  the  termitary 
m  which  they  are  born ;  and  they  may  take  the  place  of  the  winged  males 
and  females  whenever  a  community  fails  to  secure  a  royal  couple  at  the 
proper  period.  The  royal  couple  are  the  parents  of  the  colony,  and  “are 
always  kept  together,  closely  guarded  by  a  detachment  of  workers  in  a 
large  chamber  in  the  very  heart  of  the  hive,  surrounded  by  much  stronger 
walls  than  the  other  cells  They  are  both  wingless,  and  immensely  larger 
than  the  workers  and  soldiers.  The  queen,  when  in  her  chamber,  is  always 
found  in  a  gravid  condition,  her  abdomen  enormously  distended  with  eo-gs 
which,  as  fast  as  they  come  forth,  are  conveyed,  by  a  relay  of  workers,  in 
the'hWe0”’  fr°m  ^  r°yal  chamber  to  the  minor  cells  dispersed  through 


At  the  beginning  of  the  rainy  season  a  number  of  winged  males  and 
ema  es  are  produced,  which,  when  they  arrive  at  maturity,  leave  the  hive 
an  y  abroad.  T  hey  then  shed  their  wings  (a  special  provision  for  this 
existing  in  a  natural  seam  running  across  the  root  of  the  wing  and  dividing 
e  nervures) ;  they  pair,  and  then  become  the  kings  and  queens  of  future 


The  workers  and  the  soldiers  are  distinct  from  the  moment  of  their 
emergence  from  the  egg,  and  they  do  not  acquire  their  special  characteris- 
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tics  in  consequence  of  any  difference  of  food  or  treatment.  Both  are  wing¬ 
less,  and  they  differ  solely  in  the  armature  of  the  head.  The  duties  of  the 
workers  are  to  “build,  make  covered  roads,  nurse  the  young  brood  from 
the  egg  upwards,  take  care  of  the  king  and  queen,  who  are  the  progeni¬ 
tors  of  the  whole  colony,  and  secure  the  exit  of  the  males  and  females  when 
they  acquire  wings,  and  flyout  to  pair  and  disseminate  the  race.”  The 
duties  of  the  soldiers  are  to  defend  the  community  from  all  attacks  which 
may  be  made  upon  its  peace,  for  which  purpose  the  mandibles  are  greatly 
developed. 

Sue-class  III.  Holometabola. — Metamorphosis  complete; 
the  larva ,  pupa,  and  imago  differing  greatly  from  one  another 
in  external  appearance.  The  larva  vermiform ,  and  the  pupa 
quiescent. 

Order  VIII.  Aphaniptera. —  Wings  rudimentary ,  in  the 
form  of  scales  situated  on  the  mesothorax  and  metathorax. 
Mouth  suctorial.  Metamorphosis  complete. 

This  order  comprises  the  Fleas  ( Puhcida ),  which  are  para¬ 
sitic  upon  various  animals,  both  Mammals  and  Birds,  each 
species,  as  a  rule,  attacking  some  particular  host.  The  larva 
of  the  common  Flea  ( Pu/ex  irritans ,  fig.  239)  is  an  apodal 


grub,  which  in  about  twelve  days  spins  a  cocoon  for  itself, 
and  becomes  a  quiescent  pupa,  from  ■which  the  imago  emerges 
in  about  a  fortnight  more. 

The  Chigoe  or  Sand-flea  ( Sarcopsylla  penetrans')  of  the  tropi¬ 
cal  parts  of  America,  is  a  more  serious  pest  than  the  common 
Flea.  It  is,  however,  only  a  parasite  as  regards  the  impreg¬ 
nated  females ;  the  males,  unimpregnated  females,  and  larvre 
leading  a  free  existence.  The  impregnated  females,  however, 
bore  their  way  through  the  skin  of  the  foot  in  the  human  sub¬ 
ject,  and  live  there  till  they  assume  the  size  ot  peas,  by  the 
distension  of  the  abdomen  with  eggs,  often  occasioning  great 
local  irritation  and  inflammation.  They  also  live  beneath  the 
skin  of  mice  and  dogs. 
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Many  authorities  regard  the  Aphaniptera  as  a  degraded 
group  of  the  Diptera. 

Order  IX.  Diptera. — The  anterior  pair  of  wings  alone 
developed ;  the  posterior  pair  of  wings  rudimentary ,  represented 
by  a  pair  of  clubbed  filaments,  called  “  halteresf  or  “  balancers  ” 
(fig.  240).  In  a  frw  the  wings  are  altogether  wanting.  Mouth 


Fig.  240.— Diptera.  Crane-fly  {Tipida  oleracca). 


suctorial.  The  metamorphosis  is  complete,  the  larvae  being  Gener¬ 
ally  destitute  of  feet ;  but  in  some  cases  (e.g.,  the  Gnats )  the  pupae 
are  aquatic  and  are  actively  locomotive.  In  most  cases,  however, 
the  pupa  are  quiescen  t. 

The  proboscis  in  the  Diptera  consists  of  a  tubular  labium 
enclosing  the  styliform  or  lancet-shaped  mandibles  and 
maxillae,  and  is  placed  on  the  under  surface  of  the  head. 
Ocelli  are  present  in  addition  to  the  compound  eyes.  The 
wings  are  generally  horizontal  and  transparent,  the  nervures 
not  very  numerous,  and  for  the  most  part  longitudinally  dis¬ 
posed.  I  he  anterior  wings  usually  have  appended  to  their 
In<^e(r(  margin,  at  their  base,  a  pair  of  little  membranous  flaps 
(the  “alula;”),  which  are  to  be  regarded  as  separate  and 
etached  elements  of  the  front  wings.  The  antennae  are 
generally  small  and  three -jointed  (Brachycera),  sometimes 
many-jointed  ( Tipulidce ),  or  feathery  ( Culicida ).  The  larva  is 
soft  and  fleshy,  with  a  soft  indistinct  head,  usually  apodal, 
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never  with  thoracic  legs,  and  rarely  with  pro-legs.  The  larval 
skin  mostly  forms  a  hardened  case  for  the  pupa,  but  the  larvae 
sometimes  cast  their  skin  when  becoming  pupae,  or  even  spin 
cocoons.  When  the  pupa  is  enclosed  in  the  hardened  larval 
skin,  none  of  its  parts  are  recognisable,  and  it  is  said  to  be 
“  coarctate.”  In  other  cases,  the  pupa  has  its  own  investment, 
and  the  limbs  are  enclosed  in  separate  sheaths,  and  are  there¬ 
fore  visible,  when  the  pupa  is  said  to  be  “  obtected.”  In  the 
Gnats,  the  larvae  and  pupae  are  aquatic  (fig.  241),  and  the  pupa 


Fig.  24I. — The  Common  Gnat  (i Culex pipiens ).  A,  A  few  of  the  eggs,  attached  together 
&  to  form  a  raft,  which  floats  on  the  water  ;  B,  The  larva,  suspended  in  the  water  head- 
downwards,  and  showing  the  antenna;  (a),  the  terminal  respiratory  tube  (r),  and  the 
fins  attached  to  the  extremity  of  the  body  {/) ;  C,  The  pupa,  with  the  two  respir¬ 
atory  tubes  attached  to  the  thorax;  1),  The  adult  insect,  with  the  well-developed 
front  wings,  the  rudimentary  hind  wings  or  “  balancers  "  (/?),  the  antenna;  (rt),  anc* 
the  proboscis  (/).  All  the  figures  are  greatly  enlarged. 


is  active,  though  it  does  not  feed.  The  larva  breathes  by 
means  of  a  long  tube  attached  to  the  penultimate  segment  of 
the  abdomen,  into  which  the  tracheae  open,  and  which  the 
insect  thrusts  above  the  water  for  the  purpose  of  obtaining 
air.  This  abdominal  tube  has  disappeared  in  the  pupa  (fig. 
241,  C),  respiration  being  now  carried  on  by  means  ot  two 
tubes  appended  to  the  dorsal  aspect  of  the  thorax,  which 
project  above  water  when  the  insect  rises  to  the  surface,  and 
which  carry  air  to  the  tracheae. 

In  one  section  of  the  Diptera ,  hence  termed  rupipara,  the 
larvae  continue  to  reside  within  the  mother  until  they  are  just 
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ready  to  become  pupae,  and  they  are  born  in  a  form  closely 
resembling  the  ordinary  pupae  of  the  members  of  the  order. 
In  the  Hessian  Ply  ( Cecidomyia)  the  larva  produces  asexually 
a  number  of  secondary  larvae,  which  are  developed  within  the 
body  of  the  primitive  larva,  and  feed  upon  its  tissues,  ulti¬ 
mately  causing  its  death. 

The  Diptera  constitute  one  of  the  largest  of  the  orders  of 
the  Insecta.  Amongst  the  more  important  forms  included  in 
this  division  may  be  enumerated  the  House-flies,  Bluebottles, 
and  Flesh-flies  ( Muscida ) ;  the  Gnats,  Midges,  and  Mosquitos 
( Cuhcida) ,  the  Bot-flies  (CEstrida)  j  the  Gad-flies  ( Tabanida)  \ 
the  Forest-flies  and  Sheep  ticks  (. Hippoboscida ) ;  and  the  Crane- 
flies  (  Tipulida). 

Order  X.  Lepidoptera.—  Mouth  (fig.  226)  suctorial,  con¬ 
sisting  of  a  spiral  trunk  or  “  antliaf  composed  of  the  greatly- 
elongated  maxilla,  and  protected,  when  not  in  use,  by  the  cushion¬ 
shaped  hairy  labial  palpi.  Maxilla  forming  two  sub-cylindrical 
half -tubes,  united  together  by  inosculating  hooks,  and  constituting 
an  intermediate  tube  by  their  junction.  Maxillary  palpi  minute; 
labrum  and  mandibles  rudimentary.  Head,  thorax,  and  abdo¬ 
men  more  or  less  covered  until  hair.  Wings,  four  in  number, 
covered  with  modified  hairs 
or  scales ;  wanting  in  the 
females  of  a  few  species. 

Nervures  not  very  numer¬ 
ous,  mostly  longitudinal. 

Antenna  composed  of  nu¬ 
merous  minute  joints. 

This  well  -  known  and 
most  beautiful  of  all  the 
orders  of  Insects  com¬ 
prises  the  Butterflies  (fig. 

242)  and  the  Moths  (fig. 

243)  ;  the  former  being 
diurnal  in  their  habits, 
the  latter  mostly  crepus¬ 
cular  or  nocturnal. 

The  larvae  of  Lcpidop- 

tl  O  (fig.  242),  Commonly  Fig.  242. — Large  White  Cabbage  r.utterfly  {Pier is 
Called  <l  Catemillars  ”  m-p  brassiere),  a  Larva  or  caterpillar;  b  Pupa  or 
vpi-i-i-.ua _ •  ,  ’  c  chrysalis  ;  c  Imago  or  perfect  insect. 

vermiform  in  shape,  nor¬ 
mally  composed  of  thirteen  segments,  the  first  of  which 
onus  a  distinct  horny  head,  with  antennae,  jaws,  and  usu- 

th  \  S1rmuG  eyes'  T  he  mouth  of  the  caterpillar,  unlike 
iat  of  the  perfect  insect,  is  formed  for  mastication.  The 
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labium,  also,  is  provided  with  a  tubular  organ  the  “  spin¬ 
neret” — which  communicates  with  two  internal  glands,  the 
functions  of  which  are  to  furnish  the  silk,  whereby  the 
animal  constructs  its  ordinary  abode  or  spins  its  cocoon. 
The  viscera  are  embedded  in  a  largely  developed  fatty  tissue 
(epiploon),  which  is  absorbed  by  the  pupa  during  its  period  of 
quiescence.  The  three  segments  behind  the  head  correspond 
with  the  prothorax,  mesothorax,  and  metathorax  of  the  perfect 
insect,  and  each  carries  a  pair  of  jointed  walking-legs.  Besides 
these  thoracic  legs,  there  is  a  variable  number  (generally  five 
pairs)  of  soft  fleshy  legs,  which  are  borne  by  the  segments  of 
the  abdomen,  and  are  known  as  “  pro-legs.  Each  is  usually 
furnished  with  a  crown  of  one  or  more  rows  of  small  horny 
hooks,  and  they  are  never  attached  to  the  4th,  5th,  10th,  and 
nth  segments  behind  the  head  ( i.e .,  to  the  1st,  2d,  7th,  or 
8th  abdominal  segments).  The  last  pair  ot  pro-legs  are  often 
spoken  of  as  the  “  claspers.”  The  larvae  of  the  “  Looper 
Moths  ( Geometridce )  have  only  these  and  the  pair  ot  pio-legs 
in  front  of  these.  The  larvae  moult  repeatedly,  eat  voraciously, 
and  increase  very  rapidly  in  size.  1  lie  pupae  are  ot  the  ob- 
tected  ”  type,  the  entire  body  being  enclosed  in  a  horny  skin, 
but  showing  the  division  into  thorax  and  abdomen,  and  having 
the  limbs  readily  discernible,  though  enclosed  in  the  chitinous 
pellicle  of  the  chrysalis.  The  form  of  the  pupa  is  'very  vari¬ 
able,  and  the  duration  of  the  pupal  stage  differs  much  in  differ¬ 
ent  groups.  . 

In  the  Diurnal  Lepidoptera,  or  Butterflies  proper  (fig.  242), 
the  antennae  are  generally  knobbed  (hence  the  name  of  Rho- 
pa/ocera  often  given  to  the  group) ;  the  wings  are  usually  held 
erect  when  the  insect  is  in  a  state  of  repose ;  the  larvte  have 
six  thoracic  legs  and  ten  pro-legs ;  and  the  pupae  are  always 
naked,  attached  by  the  posterior  extremity,  or  head  down¬ 
wards,  and  usually  angular.  In  some  cases  the  pupa  is  sus¬ 
pended,  horizontally  or  vertically,  by  a  fibre  ot  silk  acioss  its 

thorax.  . 

The  Moths  (fig.  243)  constitute  the  largest  section  ot  the 
Lepidoptera ,  and  are  mostly  night-flying  insects,  though  many 
are  “  crepuscular”  in  their  habits — i.e.,  are  active  in  the  twilight, 
and  a  good  many  forms  are  only  active  during  the  daytime, 
thus  resembling  the  true  Butterflies  in  habit.  1  he  antennae 
are  exceedingly  variable  in  form,  and  the  name  of  Heterocera 
is  often  given  to  the  Moths  on  this  ground.  They  are  usually 
either  fusiform,  or  they  grow  thicker  from  the  base  to  the  apex, 
or  diminish  in  size  from  the  base  to  the  apex,  and  they  are 
very  commonly  pectinated,  or  furnished  with  lateral  processes, 
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while  they  are  very  rarely  clubbed  at  their  ends.  The  wings 
are  held  in  a  horizontal  position,  or  are  folded  over  the  back, 
when  the  insect  is  at  rest.  In  many  cases  there  is  a  peculiar 


t 243-  Goat-moth  ( Cossus  ligniperdn )  and  caterpillar. 


arrangement  (“retinaculum”)  by  which  the  hind-wings  are 
'ept  in  contact  with  the  front-wings  during  flight.  The  nupie 
are  never  angular,  and  are  mostly  smooth,  and  they  are  often 

into°tped  m  a,  C°COOn’  whlch  the  larva  sPins  before  it  passes 

!ies°  arp  ?RPi  ^  rhe  larger  Moths  the  Principal  fami- 

'  .t,aVhe  Sp/nngidtz  (Hawk  moths),  the  Bombycida  (Silk- 

On  pLmir0r;m0t,h’  &c.),  and  the  Noctuidce  (Night  moths). 
Pvr %  °'hei;  hand;  ma"y  of  Moths  (Tineidce,  Torlricida, 

ulc\Jr‘ o’  cVC')  arerof  SmaH  size,  and  are  often  grouped  together 
under  the  name  of  Microlepidopterci. 

fen «  «DtR  ^  P  H™enoptera. —  Wings  four,  membranous,  with 
hill,,  ervures  ’  sometimes  absent.  Month  always  provided  with 
ZrSJ0W!  °r  mandib/es  i  Me  maxilla  and  labium  generally  con - 
//.  ,  ln  °  a  suctorial  organ.  Females  having  the  extremity  of 

,domen  furnished  with  an  ovipositor  (terebra  or  aculeus), con- 
ig generally  of  five  or  six  pieces ,  of  which  the  two  outer  form 
P  0  tc  tve  sheath.  Besides  the  compound  eyes,  there  are 
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usually  three  ocelli  placed  on  the  top  ot  the  head.  1  he  an- 
tennce  are  generally  filiform  or  setaceous.  1  he  metamorphosis 
is  complete,  but  the  various  parts  of  the  pupa  are  visible 
through  the  delicate  enclosing  membrane.  The  larvae  are 
sometimes  provided  with  feet,  and  live  on  vegetable  food  (as 
in  the  Tenth  redin  idee,  fig.  245);  but  they  are  mostly  footless, 
without  a  distinct  head,  and  fed  by  the  adult. 

The  Hymenoptera  form  a  very  extensive  order,  comprising 
the  Bees,  Wasps,  Ants,  Ichneumons,  Saw-flies,  &c.  '1  he  ovi¬ 

positor,  which  is  characteristic  of  the  females  of  this  order,  is 
very  commonly  modified  so  as  to  constitute  a  saw  ( sett  a),  a 
boring  organ  ( terebra ),  or  a  sting  {acute its). 

As  regards  the  principal  groups  of  the  Hymenoptera ,  the 
Saw-flies  ( Tenth redinidce  and  Stridden)  form  a  very  natural  sec- 


nale  of  Ant  ;  b  Wingless  worker  of  Ant ;  c  Pupa  of  Ant  ;  d  Larva 


r.  . ,  „  Wmtred  male  of  Ant  ;  0  Wingless  won-cer  01  mu  . 

F,g.  ,-44.  -«  ”  ''ofAnt,  enlarged  ;  «■  The  Great  Saw-fly  (Sirtx 


tion,  which  is  often  spoken  of  as  that  of  the  Terehrantia ,  as  the 
Sics  have  the  ovipositor  converted  rnto  a  saw  or  borer 

The  larva:  of  the  shv-flies  (fig.  *45)  f«d  “P0"  ve«e“ 
matter,  and  have  pro-legs.  Another  important  group  is  that 
of  the  Gall-flies  {Cynipida),  all  of  which  ’ay  1 their  eggs ;  m 
soft  tissues  of  plants  (generally  the  leaves).  The  resulting 
, rails”  are  due  to  the  abnormal  cell-growth  excited  locally m 
the  plant  by  the  irritation  caused  by  the  P^ctu[e  ° 
mother’s  ovipositor  in  depositing  the  eggs.  1  he  larva  are 
footless.  In  the  allied  group  of  the  Ichneumons  ( li  "lf"  ‘ 
fdJ)  the  larva  are  also  footless,  and  the  eggs  are  deposited  bj 
the  females  in  the  larvte  or  pupa  of  other  insects,  upon  "hose 
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tissues  the  young  support  themselves  after  hatching.  All  the 
other  Hymenoptera  have  the  ovipositor  of  the  female  connected 
with  a  poison-gland,  and  converted  into  a  sting  (not  always 
the  case  in  the  Ants),  and  y 

they  may  therefore  be  i 

grouped  together  under 
the  common  title  of  Acn- 
ieata.  The  principal  fami¬ 
lies  included  under  this 
name  are  the  Ants  (For¬ 
mic idee),  the  Wasps  ( Ves- 
pidee),  the  Hornets  ( Crab - 
ronidee),  the  Bees  (Apidee), 
and  the  Bumble  -  bees 
( Bo  mb  idee ). 

Amongst  the  Hymenoptera 
we  find  social  communities,  in 
many  respects  resembling  those 
of  the  Termites,  of  which  a 
description  has  already  been 
given.  The  societies  of  Bees 
and  Ants  are  well  known,  and 
merit  a  short  description. 

The  social  Bees,  of  which 
the  common  Honey-bee  (Apis 
mellifica )  is  so  familiar  an  ex¬ 
ample,  form  organised  commu- 

nities  consisting  of  three  classes  Fig.  94S._ Gooseberry  Saw-fly  (Tentkredo  cross,. 
Of  individuals  the  males,  fe-  lari*),  larva,  pupa,  and  imago 

males,  and  neuters.  As  a  rule 

a’Sin-"'e  fe,1,ale-“the  queen ’’-and  of  the 
production  r  kiers'  <  f  lmPrf.Snati°n  of  the  female  is  effected  by  the 
nation  ha,./  ?'  dr?neS’  d™ng  the  summer.  Alter  impreg- 

by  he  workers  Thl  ’  T^\  f  bfin?  then  llseIess-  a^c  destroyed 

intended  ,0  Produced  by  the  fecundated  queen  are  mostly 

o  dmarv  cHk8  Tt?r,g,n  t?."eUterS>  to  which  end  they  are  placed  in  the 
of  future  c  l  6  °Va  T  Cl?  a'  e  *°  g'Ve  °rigin  to  females — the  “  queens  ” 
Srv*  are  fed  h  ^arC  P aCetl  muCells  of  a  Peculiar  construction,  and  the 
produce  y  th1eIW0,'kers  ,wUh  a  fecial  food.  The  ova  which  are  to 

hose  aiwfi  1  are  likewise  placed  in  cells  which  are  slightly  larger  than 
cause  o  '  u  l°  tbe  w°rkfrs-  This,  however,  is  not  the  sole  or  true 
produce  (  ^P'oductlonfof  ‘be  males;  but  the  ova  which  are  intended  to 
has  store  1  *  LS  ai,C  n°l  fL'rtlbsed  by  the  female  with  the  semen  which  she 
of  parthenogenesis1^  spermatheca>  and  are  therefore  produced  by  a  process 

have  socie/Umble ' be^  (.Bombidee),  and  in  the  Wasps  ( Vespida ),  we 
communit/ of  wentla  y  1  ,e  Same  as  in  the  Honey-bee.  In  a  large 
females  If  °  i-  uS*fS’  °r  "  vesP‘ary.  ”  there  may  be  several  hundred 
colonies  few  rvive  the  winter,  and  live  to  found  fresh 

the  fen  ii  1  SPnnfb  be  number  of  males  is  about  equal  to  that  of 
the  females,  but,  unlike  the  drones  of  the  Bees,  the  males  work  actively 
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and  defend  the  nest.  As  amongst  the  Bees,  solitary  species  are  not 

uncommon.  .  .  .  .  f  >  _ 

The  Ants  ( Formicidee )  likewise  form  communities,  consisting  of  males, 
females,  and  neuters  (fig.  244).  The  males  and  females,  as  we  have  seen 
in  the  case  of  the  Termites,  are  winged,  and  are  produced  in  gieat  num¬ 
bers  at  a  particular  period  of  the  year.  They  then  quit  the  nest  and  pair, 
after  which  the  males  die.  The  females  then  lose  their  wings  and  fall  to 
the  ground,  when  they  become  the  queens  of  fresh  societies.  In  some 
Ants  as  in  the  Termites,  the  neuters  are  divided  into  two  classes  the 
workers  and  the  soldiers— of  which  the  former  perform  all  the  duties  neces¬ 
sary  for  the  preservation  of  the  society  except  defending  the  nest,  this  being 
left  to  the  soldiers.  In  other  cases,  as  many  as  three  distinct  orders  01 

“  castes  ”  of  neuters  may  be  present  in  the  same  nest.  . 

Amongst  the  more  singular  of  the  habits  and  instincts  of  Ants  two  may 
be  mentioned — the  instinct  of  making  slaves,  and  that  of  milking,  so  to 
speak,  the  little  Plant-lice  {Aphides).  As  regards  the  first  of  these,  it  is 
found  that  certain  Ants  possess  the  extraordinary  instinct  of  capturing  the 
pupae  of  other  species  of  Ants,  and  bringing  them  up  as  slaves  1  he 
relations  between  the  masters  and  the  slaves  vary  a  good  deal  in  different 
species  In  the  case  of  Polyergus  nfescens,  for  instance,  the  masters  aie 
entirely  dependent  upon  their  slaves;  the  males  and  females  do  nothing 
except  reproducing  the  species,  and  the  neuters  perform  no  other  labour 
except  that  of  capturing  fresh  slaves.  The  masters  are  m  this  case  unable 
even  to  feed  themselves,  and  their  existence  is  maintained l  entirely ^by  e 
devotion  of  the  slaves.  In  Formica  sanguined ,  on  the  other  hand  the 
number  of  slaves  is  much  less,  and  both  masters  and  slaves  occupy  them¬ 
selves  in  performing  most  of  the  duties  necessary  for  the  community  1  he 
masters,  however,  go  alone  when  on  slave-making  expeditions  ;  and  ,n  case 
of  a  migration,  the  masters  carry  the  slaves  in  their  mouths. 

A  second  singular  fact  in  the  history  of  Ants  is  found  in  the  relations 
which  subsist  between  them  and  the  Aphides ,  or  1  lant-lice.  1  he  Ap  <  < 
Srete  or  rather  excrete,  a  peculiar  viscid  and  sweet  liquid,  by  means  of 
two  tubular  filaments  (“  cornicula ”)  which  open  externally  towards  the 
hinder  extremity  of  the  abdomen.  Ants  are  extremely  fond  of  this  excre¬ 
tion  and  U  is  a  well-established  fact  that  the  Aphides  al  ow  themselves 
tu  be  X milked,  as  it  were,  by  the  Ants.  For  this  purpose  the  Ant  touches 
and  caresses  the  abdomen  of  the  Aphis  with  its  antenna;,  wheieupon  the 
l  itter  voluntarily  exudes  a  drop  of  the  coveted  fluid. 

1  The  belief  that  our  European  Ants  stored  up  grain  for  winter  consump- 
tion  though  generally  asserted  by  the  ancients,  has  been,  until  recently, 
dfscrel  ted  by  scientific  observers,  upon  the  ground  that  our  Ants  a.e 
known  t?  be  carnivorous  in  their  habits.  Mr  Moggr.dge  has,  however 
recently  shown  that  there  are  exceptions  to  this  rule,  and  that  some  of  the 
\nts  of  the  south  of  Lurope  (such  as  some  of  the  species  of  Atm)  no  tony 
eat  vegetable  food,  but  really  execute  the  feats  imputed  to  them  by  the 
oli  writers.  They  do,  namely,  store  up  a  provision  of  grain  for  the  inte  , 
and  they  prevent  this  from  germinating  by  gnawing  the  radicle. 

Order  XII.  Strepsiptera. — Females  without  wings  or  feet, 
bn  ra  si  tic  '  Males  possessing  the  posterior  pair  of  wings ,  which 
la  r  ge,  membranous,  amt  folded  longitudinally  Me  a  fan. 
The  anterior  fair  of  wings  rudimentary,  ref  resented  by  a  fan  if 
A  it  iru  In  r  twisted  organs,  paws  rudimentary. 

sirefsifteia  consume  a  small  order,  which  includes 
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ceitain  parasites  of  minute  size,  found  on  Bees  and  other 
Hymenoptera.  The  female  is  a  soft  vermiform  grub,  without 
feet  or  wings,  but  with  a 
horny  head,  which  it  pro¬ 
trudes  from  between  the  ab¬ 
dominal  segments  of  its  host. 

The  larvae  are  active,  and 
possess  six  feet ;  whilst  the 
males  (fig.  246)  are  winged, 
and  fly  about  with  great 
activity. 

The  Strepsiptera  are  now 
very  generally  regarded  as 
an  anomalous  and  degraded 
group  of  the  Coleoptera. 

Order  XIII.  Coleoptera. 

—  Mouth  masticatory ,  fur¬ 
nished  with  an  upper  lip  or  labrum ,  two  mandibles ,  two  maxilla 
with  maxillary  palpi  {generally  four-jointed),  and  a  movable  lower 
hp  or  labium ,  with  two  jointed  labial  palpi.  The  four  wings  are 
usually  present,  and  the  anterior  pair  are  not  adapted  for  flight , 


F: 


lgTl?4~h^1,e°Pter1a-  A,’  Cijndela  the 

enfareed  C  ,':lrva  °f  same, 

n*arged.  C,  Dyttscus  margiualis ,  male. 


Fig.  248.  — a  Rose-chafer 
( Cetonia  aurata)  and 
larva. 


l'for  /Z  k“rdtened  b>’  chitine,  so  as  to  form  protective  cases  (elytra) 

elvtr!  /  °r  TnSS  (fig-  2-0)-  The  inner  margins  of  the 
<  re  genet  ally  straight,  and  when  in  contact  they  form  a 
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longitudinal  suture.  The  posterior  icings  are  membranous ,  and 
when  not  in  use  are  folded  transversely  beneath  the  elyh  a. 
(Amongst  deviations  from  this  state  of  parts  may  be  men¬ 
tioned  the  occasional  absence  or  rudimentary  condition  of  the 
hinder  wings,  the  soldering  together  of  the  elytra,  the  soft  and 
yielding  condition  of  the  elytra,  or  the  absence  of  both  elytra 
and  wings.)  The  eyes  are  always  compound,  generally  circu¬ 
lar,  ovaC  or  reniform,  but  sometimes  completely  divided.  The 
antennae  are  extremely  variable  in  form,  generally  of  eleven 
joints,  sometimes  of  fewer,  rarely  of  twelve  or  moie.  1  he 
thorax  is  composed  of  a  pro-  meso-  and  meta-thorax,  but  when 
the  elytra  are  closed,  only  the  prothorax  and  a  little  plate 
(“  scutellum  ”)  belonging  to  the  mesothorax  are  visible,  'i  he 
tarsus  is  generally  composed  of  five  joints,  sometimes  fewer, 
never  more,  and  its  last  joint  is  usually  furnished  with  two 
hooked  claws. 

The  larvae  of  Coleoftera  (figs.  247,  248)  are  generally  com¬ 
posed  of  thirteen  segments,  including  the  head.  T  he  body 
is  generally  soft  and  fleshy,  the  head  horny,  and  the  mouth 
adapted  for  mastication,  the  food  being  sometimes  of  an 
animal  and  sometimes  of  a  vegetable  nature.  1  he  antennae 
are  small,  usually  of  three  or  four  joints,  with  ocelli  at  their 
bases.  They  have  three  pairs  of  legs’  attached  to  the  thorax, 
and  rarely  anal  pro-legs  or  fleshy  tubercles  ;  or  they  may  be 
devoid  of  feet  (as  in  the  Weevils).  The  pupa  is  sometimes 
enclosed  in  a  cocoon,  and  is  always  quiescent;  and  the  parts 
of  the  perfect  insect  are  always  distinctly  recognisable  in  the 

PU'Phe  order  Coleoftera  includes  all  those  insects  commonly 
known  as  “Beetles,”  and  comprises  an  enormous  number  of 
oenera  and  species.  They  are  remarkable,  as  a  general  rule, 
for  their  hard  polished  integument,  their  glittering,  often 
metallic  colours,  and  their  voracious  habits. 


The  order  Coleoftera  was  divided  by  Latreille  into  four  section*,  in 
accordance  with  the  number  of  the  joints  111  the  tarsi  ;  and  thoug  1 
resulting  arrangement  is  not  strictly  natural,  this  classification  is  geneia  . 
followed.  The  four  sections  founded  by  Latreille  are  : 

1  TriMERA — Tarsus  three-jointed.  Ex.  Lady-birds  {Cocciuei/nL ). 

V  Tetkam era.  —Tarsus  four-jointed.  Ex.  The  Longicorn  Beetles 
(Jowricornia),  the  Weevils  {Rhynchophora),  &c.  .  .  , 

„  1 1 eterom ERA.  —Tarsus  of  the  two  anterior  pairs  of  legs  five-jointed. 

J"  of  the  posterior  pair  four-jointed.  Ex.  l’he  Blister-beetles  (  at 

tharidee ),  and  the  great  family  of  the  Tetubnomda 
.  PpntamfRA.— Tarsus  five-jointed  in  all  the  legs.  E.\.  soiaiei 
4’  beetles  ( Telefhonts ),  Glow-worm  [Lampyris),  the  /■.la/enda  f 

lruwx  known  as  “Wire-worms”),  the  beautiful  Bufreshda,  the 
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great  group  of  the  Lamellicorn  Beetles  (such  as  the  Sta^-beetle. 
Cockchafer,  Dung-beetle,  See.),  the  Burying  Beetles  ( Necrophorus ) 
the  Deyii  s-coach -horses  (. Staphylinida -),  the  Water-beetles  ( Hydro - 
philida:  and  DytiscidcB),  the  Whirligigs  (Gyrinida),  the  Ground  - 
beetles  (Caratncice),  and  the  Tiger-beetles  ( Cicindelida ) 
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CHAPTER  XXXVI. 

POL  YZOA. 

We  may  consider  here,  under  the  name  of  Molluscoidea ,  the 
two  "roups  of  animals  which  are  known  respectively  as  the 
Polyzoa  and  the  Brachiopoda.  These  two  groups,  in  many 
respects  closely  allied  to  one  another,  present  affinities  on  the 
one  hand  to  the  Worms,  and  on  the  other  hand  to  the  Mol- 
lusca,  with  both  of  which  they  have  been  arranged  by  different 
systematists.  In  the  present  state  of  our  knowledge,  however, 
it  seems  best  to  consider  these  two  groups  separately,  without 
referring  them  definitely  to  either  of  the  two  sub-kingdoms 
above  mentioned.  The  Tunicates,  which  have  also  often 
been  included  amongst  the  Molluscoids,  may  likewise  be  in 
the  meanwhile  regarded  as  a  separate  division,  which  finds 
its  most  natural  position  between  the  Mollusca  and  the 
Vertebrata. 

The  Molluscoidea  may  be  briefly  defined  as  unsegmented, 
simple  or  compound  animals,  with  bilateral  symmetry.  1  he 
mouth  is  furnished  with  a  crown  of  ciliated  tentacles,  or  with 
spirally-rolled  ciliated  processes.  The  nervous  system  con¬ 
sists  of  a  single  ganglion,  or  of  an  oesophageal  nerve-ring 
with  more  than  one  ganglion.  A  heart  is  absent  or  present. 
Under  this  head  may  be  placed  the  two  classes  of  the  Polyzoa 
and  the  Brachiopoda. 

Polyzoa. 

Class  I.  Polyzoa  (Bryozoa). — The  members  of  this  class 
are  mostly  composite  animals ,  each  zodid  of  which  possesses, 
tvhical/y  a  freely  suspended  alimentary  canal  with  mouth  and 
anus,  enclosed  within  a  double-walled  sac.  The  mouth  is  sur- 
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rounded  with  a  circle  or  crescent  of  hollow  ciliated  tentacles ,  and 
the  nervous  system  consists  of  a  single  ganglion  placed  between 
the  mouth  and  the  anus. 

With  the  single  exception  of  the  genus  Loxosoma ,  all  the 
Polyzoa  live  in  an  associated  form  in  colonies  or  “  polyzoaria,” 
which  aie  sometimes  foliaceous  (fig.  249),  sometimes  branched 


F‘g.  /-lustra  foliated, . one  Of  the  Sea-mats,  a  Portion  of  the  colony,  natural 
contained  ra^mCnt  t0  s^ow  ce^s  in  which  the  separate  polypides  are 


and  plant-like,  sometimes  encrusting,  and  very  rarely  are  free, 
bach  “  polyzoarium  ”  consists  of  an  assemblage  of  distinct  but 
similar  zooids  arising  by  continuous  gemmation  from  a  single 
primordial  individual.  The  colonies  thus  produced  are  in 
veiy  many  respects  closely  similar  to  those  of  many  of  the 

ydroid  Polypes,  with  which,  indeed,  the  Polyzoa  were  for 
long  time  classed. 

In  the  Polyzoa ,  the  entire  colony — or  its  entire  dermal  system 
■  -is  called  the  “polyzoarium”  or  “ coenoecium  the  separate 
zooids  are  called  “  polypides  ” ;  and  the  little  chambers  in 
"  llc  1  each  is  contained  are  called  the  “cells,”  or  “zocecia.” 


a 
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The  structure  of  a  typical  polypide  of  a  Polyzoon  is  thus  de¬ 
scribed  by  Professor  Allman  (figs.  250  and  251)4— 

“  Let  us  imagine  an  alimentary  canal,  consisting  of  oeso¬ 
phagus,  stomach,  and  intestine,  to  be  furnished  at  its  origin 


j,'ja  250. — Diagram  showing  the  structure 
of  a  single  polypide  of  a  Polvzoan  (after 
Husk).  /  Tentacles  ;  m  Mouth  ;  g  Nerve- 
ganglion;  «■  Gullet;  s  Stomach;  «  In¬ 
testine;  a  Anus;  o  Ovary;  ar  lestis;  a 
Funiculus;  or  Aperture  of  the  zooccium; 
r/  Tentacular  sheath  ;  </  Perivisceral  cav¬ 
ity  ;  r  Retractor  muscles. 


Fig.  251.— A  single  polypide  ol  Bower- 
hnnkia,  greatly  enlarged.  (Alter 
llincks.)  s/t  Tentacular  sheath;  a 
Cell-wall  ,  i  Common  stem  or  stolon, 
from  which  the  polypides  are  budded 
off;  c  Cardiac  valve  of  gullet ;  g 
zard  ;  st  The  stomach  proper;  mt  In¬ 
testine  ;  /  Funiculus. 


with  long  ciliated  tentacula,  and  to  have  a  single  nervous  gan¬ 
glion  placed  upon  one  side  of  the  oesophagus.  Let  us  now 
suppose  this  canal  to  be  bent  back  upon  itselt  towards  tl 
side  of  the  ganglion,  so  as  to  approximate  the  termination 
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the  origin.  Let  us  further  imagine  the  digestive  tube  thus 
constituted  to  be  suspended  in  a  fluid  contained  in  a  mem¬ 
branous  sac  with  two  openings,  one  for  the  mouth  and  the 
other  for  the  vent,  the  tentacula  alone  being  external  to  the 
sac.  Let  us  still  further  suppose  the  alimentary  tube,  by  means 
ot  a  system  of  muscles,  to  admit  of  being  retracted  or  pro¬ 
truded  according  to  the  will  of  the  animal ;  the  retraction 
being  accompanied  by  an  invagination  of  the  sac,  so  as  par¬ 
tially  or  entirely  to  include  the  oral  tentacles  within  it ;  and  if 
to  these  characters  we  add  the  presence  of  true  sexual  organs 
in  the  form  of  ovary  and  testis,  occupying  some  portion  of  the 
interior  of  the  sac,  and  the  negative  character  of  the  absence 
of  all  vestige  ot  a  heart,  we  shall  have,  perhaps,  as  correct 
an  idea — apart  from  all  considerations  of  homology  or  deriva¬ 
tion  from  an  archetype — as  can  be  conveyed  of  the  essential 
structure  ot  a  Polyzoon  in  its  simplest  and  most  generalised 
condition. 

"To  give,  however,  more  actuality  to  our  ideal  Polyzoon , 
v\e  may  bear  in  mind  that  the  immediately  investing  sac  has 
the  power,  in  almost  every  case,  of  secreting  from  its  external 
surface  a  secondary  investment,  of  very  various  constitution 
111  the  different  groups ;  and  we  may,  moreover,  conceive  of 
the  entire  animal  with  its  digestive  tube,  tentacula,  ganglion, 
muscles,  generative  organs,  circumambient  fluid,  and  investing 
sac,  repeating  itself  by  gemmation,  and  thus  producing  one 
or  more  precisely  similar  systems  holding  a  definite  position 
relatively  to  one  another,  while  all  continue  organically  united, 
and  we  shall  then  have  the  actual  condition  presented  by  the 
Polyzoa  in  their  fully-developed  state.” 

The  vast  majority  of  the  Polyzoa  are  fixed,  but  this  is  not 
universally  the  case.  Thus  the  singular  fresh-water  Cristatella 
is  free  and  locomotive,  creeping  about  by  means  of  a  flattened 
discoid  base,  not  unlike  the  foot  of  the  Gastropoda;  and  the 
polyzoary  seems  to  have  been  unattached  in  a  few  other  forms 
(Selena  ria,  Cupular la,  &c.) 

The  two  fundamental  structures  of  the  “  polypide  ”  of  a 
olyzoon  viz.,  the  immediately  investing  sac,  and  its  second¬ 
ary  investment — are  sometimes  termed  the  “  endoderm  ”  and 
ectoderm  ;  but  as  these  terms  are  employed  in  describing 
tie  Hydrozoa,  it  is  better  to  make  use  of  the  terms  “  endocyst  ” 
and  “  ectocyst,”  proposed  by  Dr  Allman. 

1  he  “  ectocyst,”  or  external  investment  of  the  coencecium, 
is  usually  a  brown,  pergamentaceous,  probably  chitinous,  but 
often  highly  calcareous,  membrane;  and  it  is  by  the  ectocyst 
that  the  "cells”  are  formed.  In  Cristatella ,  alone  of  the 
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Polyzoa,  there  is  no  ectocyst ;  and  in  Lophopus  (fig.  253,  3) 
and  in  the  curious  Pectinatella  the  ectocyst  is  gelatinous  in  its 
consistence. 

The  “cells”  or  “zocecia”  of  the  Polyzoa  vary  extremely 
in  form  and  structure  in  different  groups.  In  the  so-called 
“  Cyclostomatous  ”  Polyzoa  the  cells  are  tubular,  and  end  in 
round  terminally-placed  mouths,  which  have  no  special  ap¬ 
paratus  for  their  closure.  On  the  other  hand,  in  the  so-called 
“  Cheilostomatous  ”  Polyzoa,  the  cell -apertures  are  usually 
placed  on  the  front  face  of  the  cells  towards  one  end,  and 
they  have  their  orifices  closed  by  a  movable  opercular  valve. 
Though  the  separate  zocecia  of  a  Polyzoan  colony  are  usually 
apparently  quite  separate  and  distinct  from  one  another, 
except  by  continuity  of  their  external  investment,  it  has  been 
shown  that  contiguous  cells  are  commonly  placed  in  direct 
connection  with  one  another  by  what  have  been  called  oy 
Hincks  “communication-plates.”  These  are  portions  ot  the 
cell-wall  pierced  by  one  or  more  minute  pores  which  transmit 
processes  of  the  structure  which  will  be  subsequently  de¬ 
scribed  as  the  “endosarc.” 

In  many  cases  the  ectocyst  is  provided  with  singular  ap¬ 
pendages,  supposed  to  be  weapons  of  defence,  01  oigans  of 
prehension,  termed  “avicularia”  and  “  vibracula.  1  he  a\  ic- 
ularia,  or  “  bird’s-head  processes”  (fig.  252,  B  and  C),  differ  a 
good  deal  in  shape,  but  consist  essentially  of  “a  movable 
mandible  and  a  cup  furnished  with  a  horny  beak,  with  which 
the  point  of  the  mandible  is  capable  of  being  brought  into 
apposition”  (Busk).  In  shape  the  avicularia  often  closely 
resemble  the  head  of  a  bird,  and  they  are  in  many  respects 
comparable  with  the  “  pedicellarke  ”  of  the  Echinodermata, 
keeping  up  a  constant  snapping  movement  which  continues 
long  after  the  death  of  the  general  colony.  In  the  “  vibra¬ 
cula”  (fig.  252,  A),  the  place  of  the  mandible  of  the  avicu- 
larium  is  taken  by  a  bristle,  or  seta,  which  is  capable  ot  exten¬ 
sive  movement. 

In  many  of  the  marine  Polyzoa,  the  cells  are  likewise 
furnished  with  globular  sacs  or  pouches  appended  to  one  end, 
and  serving  as  marsupial  pouches  for  the  ova  (fig.  252,  A). 
These  brood-pouches  (known  as  the  “ovicells”  or  “ooecia  ) 
are1-  periodically  produced,  and  the  eggs  are  conveyed  into 
them  from  the  perivisceral  cavity  of  the  parent-cell,  inti¬ 
mately  the  ciliated  embryos  are  liberated  from  the  ovicell,  and 
escape  into  the  surrounding  water.  . 

There  is  every  reason  to  regard  the  vibracula,  avicularia, 
and  ovicells  as  not  being  mere  appendages  of  the  ccenoecium, 
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but  rather  as  being  specially  modified  zooids.  Good  authori¬ 
ties  also  believe  that  the  “cells”  or  “zocecia”  themselves  are 
not  to  be  regarded  as  mere  skeletal  structures,  but  that  they 


Fig.  252.  A,  I  hree  cells  of  Mastigophora  Hyndmanni,  showing  vibracula  (r  ).  The 

^rd.Cen,aASVh,0WS  f'1  ooec.lurf-  .  B>  Sessile  avicularium  of  Scrupocellaria 
scrufosa  and  C,  Pedunculate  avicularium.  a  Mandible  ;  i  Peak;  c  Chamber  of 
the  avicularium^  in  Muscles  ;  p  Peduncle.  All  the  figures  are  enlarged.  (After 


I 


have  a  life  independent  of  that  of  their  contained  polypides, 
and  that  they  can  continue  to  live  and  produce  new  polypides 
after  the  death  ot  the  latter.  They  are  regarded,  in  fact,  as 
separate  zooids.  This  view  is  supported  by  the  fact  that  the 
life  of  the  cell  is  quite  independent  of  that  of  the  contained 
polypide.  It  is,  indeed,  a  common  phenomenon  for  the  poly- 
Pide  to  degenerate  and  die,  and  to  be  replaced  by  a  new 
polypide  budded  out  from  the  zooecium. 

Ihe  endocyst  is  always  soft,  contractile,  and  membranous; 
and,  according  to  Sars,  is  wanting  in  Rhabdopleura.  It  lines 
e  interior  of  the  cells  formed  by  the  ectocyst,  and  is  reflected 
ac.  "ards  at  the  mouth  of  the  cell,  so  as  to  be  invaginated, 
°h  in,y?,rted  'nt0  *tse^  (forming  the  so-called  “  tentacular 
?  eatn  ) ;  and  it  finally  terminates  by  being  attached  to  the 
ase  of  the  circlet  of  tentacles.  This  invagination  of  the 
endocyst  is  more  or  less  permanently  present  in  all  the  fresh- 
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water  Polyzoa.  The  epithelium  lining  the  inner  surface  of  the 
endocyst  is  furnished  with  vibratile  cilia. 

The  mouth  of  each  polypide  is  surrounded  by  a  crown  ot 
tubular,  non-retractile  tentacles,  which  have  their  sides  ciliated, 
and  are  arranged  sometimes  in  a  circle  and  sometimes  in  a 
crescent.  In  the  fresh-water  Polyzoa  the  tentacles  are  united 
towards  their  bases  by  a  funnel-shaped  membrane,  known  as 
the  “  calyx.”  The  tentacles  are  borne  on  a  kind  ot  disc,  or 
stage,  which  is  termed  by  Professor  Allman  the  “  lophophore.” 

In  the  majority  of  Polyzoa — including  almost  all  the  marine 
species— the  lophophore  is  circular  (fig.  253,  2);  but  in  most 


Fin.  25-s. — 1.  Fragment  of  Flnstra  truncata,  one  of  the  Sea-mats,  natural  size.  2.  A 
single  polypide  of  Valkeria,  magnified,  showing  the  orbicular  crown  of  tentacles. 

A  polypide  of  Lofihopus  crystallinus ,  a  fresh-water  Polyzoun,  highly  magnified, 
showing  the  horse-shoe-shaped  crown  of  tentacles,  a  1  entacular  crown;  M.ullet, 
C-  Stomach ;  d  1  ntestine ;  e  Anus;  g  Gizzard ;  k  Endocyst ;  l  hctocyst ;  J  Funiculus. 


of  the  fresh -water  forms  it  has  its  neural  side  extended  into 
two  long  arms,  so  that  the  entire  lophophore  becomes  ciescen- 
tic  or  “  horse-shoe-shaped”  (fig.  253,  3)  ;  hence  this  section  is  ■ 
sometimes  collectively  termed  the  “  Hippocrepian  "  Polyzoa. 
In  all,  or  almost  all,  the  Polyzoa  in  which  this  crescentic  con-  « 
dition  of  the  lophophore  exists,  there  is  also  a  singular  valve-  f 
like  organ  which,  springing  from  the  anal  side  ot  the  lopho-  1 
phore,  arches  over  the  mouth,  and  is  termed  the  “  epistome. 

It  has  been  compared  with  the  “  foot  ”  of  the  Mollusca.  1  he  j 
only  marine  forms  in  which  the  lophophore  is  bilateral  are  I 
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Pedicellina  and  Rhabdopleura ;  the  only  fresh-water  species 
in  which  the  lophophore  is  orbicular  are  Paludicella  and 
Urnatella. 

I  he  mouth  conducts  by  an  oesophagus  into  a  dilated 
stomach.  In  some  cases  a  pharynx  may  be  present,  and  in 
others  there  is  in  front  of  the  stomach  a  muscular  proventri- 
culus,  or  gizzard.  From  the  stomach  proceeds  the  intestine, 
which  shortly  turns  forward  to  open  by  a  distinct  anus  close 
to  the  mouth.  As  the  nervous  ganglion  is  situated  on  that 
side  of  the  mouth  towards  which  the  intestine  turns  in  order 
to  reach  its  termination,  the  intestine  is  said  to  have  a  “neural 
flexure  " ;  and  this  relation  is  constant  throughout  the  entire 
class. 

Respiration  in  the  Polyzoa  appears  to  be  carried  on  by  the 
ciliated  tentacles,  and  by  the  “perigastric  space,”  which  is 
filled  with  a  clear  fluid,  containing  solid  particles  in  suspen¬ 
sion.  A  kind  of  circulation  is  kept  up  in  this  “perigastric 
fluid  ”  by  means  of  the  cilia  lining  the  inner  surface  of  the* 
endocyst.  Beyond  this  there  is  nothing  that  could  be  called 
a  circulation,  and  there  are  no  distinct  circulatory  organs  of 
any  kind. 

The  nervous  system  in  all  the  Polyzoa  consists  of  a  single 
small  ganglion  (fig.  250,  g),  placed  upon  one  side  of  the  oeso¬ 
phagus,  between  it  and  the  anal  aperture,  and  apparently 
really  of  a  double  nature. 

The  so-called  “  colonial  nervous  system  ”  of  the  Polyzoa  is 
now  generally  regarded  as  not  being  of  a  nervous  nature,  and 
it  is  usually  spoken  of  as  the  “endosarc.”  This  singular 
system  commences  as  a  peculiar  cellular  cord,  the  “  funiculus  ” 
(figs.  250  and  251),  which  stretches  from  the  base  of  the 
stomach  to  the  bottom  of  the  zooecium,  and  upon  which  the 
testis  is  developed.  At  the  point  where  the  funiculus  is  fixed 
to  the  bottom  of  the  cell,  a  perforation  in  the  ectocyst  exists, 
and  filaments  of  the  funiculus  thus  either  pass  into  adjacent 
polypides,  or  become  connected  with  a  common  branched 
fibre  which  runs  through  the  stolons  of  the  colony  (as  in 
Bowerbaiikia,  fig.  251).  In  many  cases  the  endosarcal  cords 
give  off  branching  fibres,  and  they  have  a  general  likeness 
to  a  nervous  system.  Histologically,  however,  the  endosarc 
aoes  not  consist  of  nervous  elements,  and  it  may  be  regarded 
as  a  kind  of  ccenosarcal  structure,  which  is  largely  connected 
with  the  production  of  the  generative  elements,  and  from 
w  ich,  possibly,  the  polypides  are  produced  by  gemmation. 

I  he  muscular  system  is  well  developed,  and  consists  of 
various  muscular  bands,  with  special  functions  attaching  to 
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each.  The  most  important  fasciculi  are  the  retractor  muscles 

"2  co,  r),  which  retract  the  upper  portion  of  the  polypide 
within  the  cell.  These  muscles  arise  from  the  inner  surface  ot 
the  endocyst  near  the  bottom  of  the  cell,  and  are  inserted  into 
the  upper  part  of  the  oesophagus.  The  polypide,  when  re¬ 
tracted,  is  again  exserted,  chiefly  by  the  action  of  the  •  parietal 
muscles,”  which  are  in  the  form  of  circular  bundles  running 

transversely  round  the  cell.  ,  , 

The  great  majority  of  the  Polyzoa  are  hermaphrodite,  each 
polvpide  containing  an  ovary  and  testis  (fig.  250).  1  he  ovary 

may  be  situated  near  the  summit  of  the  cell,  attached  to  the 
inner  surface  of  the  endocyst;  or  it  may  spring  from  the 
“  funiculus.”  The  testis  is  always  situated  towards  the  bottom 
of  the  cell,  and  is  attached  to  the  “  funiculus.”  There  are  no 
proper  efferent  ducts  to  the  reproductive  organs,  and  the  gen¬ 
erative  elements  are  set  free  into  the  perigastric  space.  In 
some  cases  the  spermatozoa  are  expelled  from  the  polypide 
which  produced  them  (in  some  cases  by  organs  corresponding 
with  “  segmental  organs  ”) ;  but  in  other  cases  the  ova  appear 
to  be  fecundated  within  the  body-cavity  of  the  parent  polypide. 
The  fertilised  ova  may  pass  into  ocecia  (when  these  structures 
are  present),  or  the  embryos  may  be  hatched  within  the 
perivisceral  cavity  of  the  parent  1  he  precise  mode  in  vv  Inch 
the  larvse  in  these  cases  ultimately  gain  the  exterior,  differs 
those  instances  in  which  it  has  been  investigated,  and  in  many 

tvpes  is  not  known  at  all.  .  . 

As  already  mentioned,  continuous  gemmation  occurs  in  all 

the  Polyzoa  (with  the  exception  of  Loxosoma ),  the  fresh  zooids 
thus  produced  remaining  attached  to  the  organism  from  which 
they  were  budded  forth,  and  thus  giving  rise  to  a  compound 


growth. 


A  form  of  discontinuous  gemmation,  however,  occurs  in  many  ofjhe 
Polvzoa  in  which  certain  singular  bodies,  called  statobla^t. ,  * 

35M  Ulterior  of  „,=  polyHe.  The  «*»; 
seasons  lying  loose  in  the  perigastric  cavity.  In  form  they  may  e 
erally  described  as  lenticular  bodies,  varying,  according  ’ 

from  an  orbicular  to  an  elongated-oval  figure,  and  enclosed  in  a  horny 
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seen  in  different  stages  of  growth.  They  do  not  appear  to  be  set  free  from 
the  perigastric  space  prior  to  the  death  of  the  adult,  and  when  liberated 
they  are  enabled  to  float  near  the  surface  of  the  water,  in  consequence 
of  the  cells  of  the  marginal  ring,  or  “annulus,”  being  spongy  and  filled 
With  an*^  1  hey  must  be  looked  upon  as  “ gemmae  peculiarly  encysted, 
and  destined  to  remain  for  a  period  in  a  quiescent  or  pupa-like  state  ” 
(Allman).  r  1 

As  regards  the  development  of  the  Polyzoa,  the  embryo 
upon  its  emergence  from  the  ovum  presents 'itself  as  a  ciliated 
free-swimming,  sac-like  body,  from  which  the  polypide  is  sub¬ 
sequently  produced  by  a  process  of  gemmation. 

According  to  the  classification  proposed  by  Nitsche,  and 
nowr  generally  adopted,  the  Polyzoa  are  divided  into  the  two 
primary  sections  of  the  Entoprocta  and  the  Edoprocta,  to  which 
a  third  must  be  added,  under  the  name  of  Aspidophora,  for 
the  reception  of  the  anomalous  Rhabdopleura.  The  following 
are  the  principal  groups  of  the  Polyzoa 


A.  Ectoprocta. 

Mouth  within  the  circle  of  tentacles;  anus  dorsal  and  outside  the  ten¬ 
tacular  circle  ;  lophophore  crescentic  or  circular. 

Sub-order  I.  Phylactolamata. 

,,  ,,  II.  Gymnolccmata. 

1  Phylactoluematous  Polyzoa  are  inhabitants  of  fresh  water,  and  the 
lophophore  is  bilateral  and  horse-shoe-shaped  in  all  except  Fredericella 
whirV  S°  P°ssess  th«  Peculiar  valve-like  organ,  arching  over  the  mouth, 
the  \mu  knOW"  as  tbf  epistome,”  and  which  possibly  corresponds  with 
the  Molluscan  “foot.”  The  division  of  the  GymnolJnata,  on  the  other 

vas^mV  “q 65  rhl  fresh'water  genera  Paludicella  and  Umatella  and  the 

circuit™  manne  P0lyZ0a'  In  this  section  the  lophophore  is 

of  ,he  Chi vd  *here  ls. no  epistome.  Of  the  marine  Polyzoa,  the  sub-order 

ber  of  the  en  "  r  'S  the  ?10StL  lmPortant>  as  embracing  the  greater  num- 
and°  lener-Tl  ?  uT  thele’  the  °Pening  of  lhe  cell  is  sub-terminal, 
in  the  S  „  y  Ci°Sr  by  a  nloTable  hP  or  shutter.  On  the  other  hand, 
of  he  tri  ''  cycl°stomata,  the  cells  are  tubular,  the  orifices  terminal 

!  for  closure6  !amf,ter-aS  l  'C  Ce"  U,Self>  and  w4hout  any  movable  apparatus 
VesiLlaria  the  S*nS“la,r  group  of  lhe  Ctenostomata  { including 

tube  !  hh  and  Kalkeri*\  the  cells  arise  from  a  common 

their’ closure  ^  “re  termina1’  and  furnished  with  a  setose  fringe  for 

B.  Entoprocta. 

shoJST1  a"ustb°th  w*thin  the  circle  of  tentacles  ;  lophophore  horse- 
cavitv  tilth-  IentuCeS  SO  ld  and  non-retractile,  filled,  like  the  body- 
the  m’arinr  kctocyst  not  calcified.  This  division  includes 

Loxosomn  \.  J  .elhna.  and  Loxosoma ,  and  the  fresh-water  Umatella. 

and  other  S  senil!5arasltic,  and  is  attached  to  the  bodies  of  Gephyreans 
;  other  marine  animals.  1 

.  C.  Aspidophora. 

which”  the  i'^h'des  only  the  singular  marine  genus  Rhabdopleura ,  in 
P  lophore  is  crescentic,  and  carries  a  discontinuous  series  of 
2  E 
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tentacles  :  the  mouth  is  lateral  rather  than  terminal ;  a  special  shield-like 
organ  is  attached  to  the  body  of  the  lophophore  between  the  mouth  and 
the  anus  ;  the  ccencecium  is  chitinous  and  tubular,  and  is  supported  y 
correspondingly  divided  chitinous  rod,  attached  superiorly  to  a  fleshy  con¬ 
tractile  cord,  which  is  in  turn  connected  with  the  body  of  the  polypites  , 
and,  lastly,  the  endocyst  and  tentacular  sheath  are  wanting. 

As  regards  their  distribution  in  space,  the  Polyzoa ,  like  all 
the  Molluscoidea ,  are  exclusively  aquatic  in  their  habits,  but 
unlike  the  Brachiopoda ,  they  are  not  exclusively  confined  to 
the  sea.  The  marine  Polyzoa  are  of  almost  universal  occur¬ 
rence  in  all  seas.  The  fresh-water  Polyzoa ,  however,  not  on  y 
differ  materially  from  their  marine  brethren  in  structure,  bu 
appear  to  have  a  much  more  limited  range,  being  as  far  as 
is  yet  known,  principally  characteristic  of  the  north  temperate 
zone.  Britain  can  claim  the  great  majority  of  the  described 
species  of  fresh-water  Polyzoa,  but  this  is  probably  due  Jo  the 
more  careful  scrutiny  to  which  this  country  has  been  subjected 
Fresh-water  Polyzoa  have  also  been  found  in  the  sout 
hemisphere,  in  Australia  and  India. 

As  regards  their  distribution  in  time,  the  Polyzoa  have  left 
abundant  traces  of  their  past  existence  in  the  stratified  rocks 
commencing  in  the  Ordovician  formation,  and  extending  up 
to  the  present  day.  The  only  groups  which  are  known  iuth 
certainty  to  be  represented  in  the  fossil  condition  are  those  of 
the ^Lw/and  Cheilostomata  The  lAakeozom  types, 
such  as  the  Lace-corals  and  their  allies  (Fene*  d^ 
Ptilodictya,  &c.),  belong  to  peculiar  groups  of  the  class  an 
with  one  or  two  doubtful  exceptions,  are  all  referable  to  the 
Cyclostomata.  In  the  Secondary  rocks,  Cyclostomatous  <>;- 
zoa  are  exceedingly  abundant,  but  the  Cheilostomata :  do  not 
appear,  in  any  numbers  at  any  rate,  until  the  horizon  of  the 
Chalk  is  reached,  after  which  time  they  show  a  gradually  in¬ 
creasing  development  till  the  Recent  period  is  reached. 
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CHAPTER  XXXVII. 
BRACHIOPODA. 

of^hK  U{  BracT°/oda  ( -Palliobranc, h iata ) .  — The  members 
bv  /;  /  c  dSS  ar®  defined  by  the  possession  of  a  body  protected 

t,"**"’,” f‘h  is  lined  <’>  “»  ofL  h,lcS. 

12  h  ■  T",,e'  T,‘e  mmlh  ‘s  fun,  is/,ed  with  two  Img 
L  r°lled  arnferous  Processes  or  “arms?  which  act  as  re- 
rimr  °,r{  orZaJlp-  The  nervous  system  consists  of  an  oesophageal 
arf’a  P0’1  fu/llch  infra- oesophageal  and  supra-cesophageal  ganglia 
Preset  ^  °ne  °r  tw°  P™™  of  tubular  “ nef  hridia  ”  are 
ar  i-  ’  70  nc  1  aci  as  ducts  to  the  reproductive  organs.  The  sexes 
'are  distinct  or  united. 

Ith P' ashiopoda  are  essentially  very  similar  in  structure  to 

tthev  1 yZ°a'  fr°m  which  they  are  distinguished  by  the  fact  that 
tne  never  composite,  and  by  the  possession  of  a  bivalve, 
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calcareous,  or  sub-calcareous  shell.  They  are  commonly  known 
as  “  Lamp-shells,  ”  and  are  all  inhabitants  of  the  sea.  All  the 
living  forms,  except  Lingula  pyranudata ,  are  fixed  to  some 
solid  object  in  their  adult  condition  ;  but  there  is  good  reason 
to  believe  that  many  of  the  fossil  forms  were  unattached  and 
free  in  their  fully  grown  condition.  From  the  presence  of  a 
bivalve  shell,  the  Brachiopods  have  often  been  placed  near  the 
true  Bivalve  Molluscs  (the  Lamellibranchiata),  but  their  organ¬ 
isation  is  of  a  very  different  type.  . 

The  two  valves  of  the  shell  of  any  Braclnopod  (figs.  -d-L 


Fig.  254. — Rhynchonella 
C,  View  of  the  base. 
Lower  Cretaceous. 


sulcata.  A,  Profile  view;  B, 
a  Ventral  valve  ;  b  Dorsal  valve 


View  ot  the  dorsal  surface ; 
;  f  Base  ;  cBeak;  h  Foramen. 


2  c  c)  are  articulated  together  by  an  apparatus  of  teeth  and 
sockets,  or  are  kept  in  apposition  by  muscular  action  alon  . 
One  of  the  valves  is  always  slightly,  sometimes  greatly,  large  ^ 
than  the  other,  so  that  the  shell  is  said  to  be  “  inequ.valve 
As  regards  the  contained  animal,  the  position  of  the  valves 
is  anterior  and  posterior,  so  that  they  are  therefore  termed 
respectively  the  “ventral”  and  “dorsal  valves.  In  he 
ordinary  Bivalve  Mollusca  ( Lamellibranchiata ),  on  the  ot  ler 
hand,  the  two  valves  of  the  shell  are  usually  of  the  same  size 
(equivalve),  and  they  are  situated  upon  he  sides  of  the 
animal;  so  that,  instead  of  being  dorsal  and  ventral,  they  are 
now  termed  “right”  and  “left”  valves.  The  ventral  valve 
in  the  shell  of  the  Brachiopoda  is  usually  the  largest,  and 

usually  possesses  a  prominent  curved  beak.  Jeak^ 

,c c)  is  often  perforated  by  a  “foramen  or  terminal 
aperture  through  which  there  is  transmitted  a  muscular 
peduncle,  whereby  the  shell  is  attached  to  some  forei, 
obiect  In  some  cases,  however  (as  in  Lingula,  h0.  -5  >  h 
°he  peduncle  simply  passes  between  the  ap.ces  of  the  valves, 
and  there  is  no  foramen  ;  whilst  in  others  (as  in  Crania,  fig. 
258,  d)  the  shell  is  merely  attached  by  the  substance 
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ventral  valve.  The  dorsal  or  smaller  valve  is  always  free,  and 
is  never  perforated  by  a  foramen. 

In  intimate  structure,  the  shell  of  most  of  the  Brachiopoda  consists  “of 
attened  prisms,  of  considerable  length,  arranged  parallel  to  one  another 
with  great  regularity,  and  at  a  very  acute  angle— usually  only  about  10° 


Terebratula{lValdheimia)  flavescens.  A,  The  shell  viewed  from  behind 
Inn^"^  the  f°^a  ,valv'v  and  the  perforated  summit  of  the  ventral  valve  above  it  b’ 
iZl  VC  VTnnthe  •dorsal  yalve-  showing  the  shelly  loop  (/)  which  supports  the  spiral 
tU  k  ,  ’  ,nner  view  of  the  ventral  valve,  showing  the  foramen  or  aDerture  (  f)  in 
Indvft-  tlilroug.h  whict?  the  muscular  stalk  of  attachment  passes.  D^Longitudi-al 
the  Hver'fi)  Tifth  ^.mal,  showing  the  spiral  arms%),  the  sWmach(s),  and 
,  !  ‘he  open, ng  m  the  beak,  with  the  stalk  of  attachment  (>)  pass- 

Fils^tc'and  d™"0  S°me  haVe  bee"  “d  in 


r:hp„W:!h  thr  SU.rfa,CfS  of  thf  she11”  (Carpenter).  In  most  cases,  also, 
surface  if  thPerfu  'ned  by.a  SeneS  °f  minute  canals-  which  pass  from  one 
usuallv  ,  •  ,  hC  She11  l?  the  other’  in  a  more  or  less  vertical  direction, 
rive  tLV1uer,,ng  ff  tbey  aPProach  the  external  surface.  These  canals 
contain  S  e,b  a,  Punctated  ’  structure,  and  in  the  living  animal  they 
sidered  f a'ca  tubuli.  or  prolongations,  from  the  mantle,  which  are  con- 
manv  a  >y  i ■  U  ,y  as  anal°g°as  to  the  vascular  processes  by  which  in 
tunjJ  ,r  ulians„theT  muscu,ar  lunic,  or  “mantle,”  is  attached  to  the  outer 
the  cL.1t  •  t£ .  '  some  °f  the  Brachiopoda  (as  in  the  Rhynchonellida) 

Th  u  impunctate,  ’  or  is  devoid  of  this  singular  canal-system, 
some;™  characteristically  calcareous,  the  shell  of  the  Brachiopoda  may 
carbon  ,tS  j.e  larS®ty  composed  of  horny  matter  (as  in  Discina)  ;  or  the 
Phosphate  (as She"  may  be  aIm0St  wholly  rePIaced 
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The  inner  surface  of  the  valves  of  the  shell  is  lined  by  e*' 
pansions  of  the  integument  which  secrete  the  shell,  and  which 
constitute  the  “lobes”  of  the  “pallium,”  or  “mantle.  The 
digestive  organs  and  muscles  occupy  a  small  space  near  the 
beak  of  the  shell,  which  is  partitioned  oft  by  a  membranous 
septum,  which  is  perforated  by  the  aperture  °f  the  mouth. 
The  remainder  of  the  cavity  of  the  shell  is  almost  tilled  by 
long  oral  processes,  which  are  termed  the  “arms  and  from 
which  the  name  of  the  class  has  been  derived  (fig.  256,  h). 

These  organs  are  lateral 
tubular  prolongations  of 
the  margins  of  the  mouth, 
usually  of  great  length, 
closely  coiled  up,  and 
fringed  on  one  side  with 
ciliated  lateral  processes, 
or  “cirri.”  In  many  Bra- 
chiopods  the  arms  are 
supported  upon  a  more 
or  less  complicated  inter¬ 
nal  calcareous  framework 
or  skeleton  (fig.  255,  B), 
which  is  sometimes  called 
the  “carriage -spring  ap¬ 
paratus,”  and  which  in 
many  extinct  forms  is  coil¬ 
ed  into  a  shelly  spiral. 

The  mouth  conducts  by 
an  oesophagus  into  a  dis¬ 
tinct  stomach,  surrounded 
by  a  well-developed  gran¬ 
ular  liver.  The  intestine 
is  sometimes  short,  at 
other  times  long  and  coil¬ 
ed,  and  it  may  either  ter- 
, .  urinate  in  a  distinct  anal 

fie.  256.— Anatomy  of  Lingula  anatina.  Ln-  .  ./ n 

larged.  (After  Hancock.)  a  The  two  lobes  of  apertlire  (aS  111  LlHgUlU , 

the  mantle,  the  dorsal  lobe  being  partly  turned  _.\  or  it  termill- 

hack  '  v  v  Sinuses  in  the  lobes  of  the  mantle,  Ug.  -5^)  ,  .  ,  ,, 

h  Sp'irally-coiled  “arms,"  bearing  lateral  cirri  pjjndly  m  the  middle 

(0 ;  g  Anus  ;  r  Liver.  ]jne  (as  in  JcrebnUulo). 

A  distinct  heart  is  often  present,  situated  on  the -  dorsal 
side  of  the  stomach,  and  giving  off  blood- vesse  s  , 
the  circulation  is  carried  on  principally  through  the  lac™* 
and  interstices  between  the  tissues.  1  he  function  of  1 
tion  seems  to  be  mainly  performed  by  the  cirnferous  or.  ’ 
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as  it  is  by  the  homologous  tentacular  crown  of  the  Polyzoa. 
1  he  canal-system  of  the  mantle,  which  will  be  spoken  of  im¬ 
mediately,  is  also  probably  partly  concerned  in  respiration. 

1  he  two  lobes  of  the  mantle  are  channelled  out  into  a  system 
of  branched  tubes,  which  end  in  coecal  extremities,  and  into 
which  the  generative  organs  project.  These  so-called  “atrial ” 
canals  communicate  with  the  pallial  cavity  by  means  of  two 
or  four  organs  which  correspond  with  the  “  segmental  organs  ” 
of  the  Annelides  or  the  “  nephridia”  of  the  Molluscs,  and  which 
have  been  commonly  described  under  the  names  of  “pseudo¬ 
hearts  ”  or  “oviducts.”  Each  nephridial  tube  consists  of  two 
saccular  divisions,  of  which  the  inner  is  connected  with  the 
atria!  canals  of  the  pallial  lobe,  while  the  outer  opens  into 


e  mantle-cavity.  Fhe  nephridial  tubes  act  as  efferent  ducts 
0  e  reproductive  organs,  and  are  probably  at  the  same  time 
°r.J5  reSarded  as  of  the  nature  of  kidneys  or  excreting  organs. 
ie  nervous  system  consists  of  an  oesophageal  ring,  which 
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bears  a  large  suboesophageal  ganglion,  and  two  small  supra- 
cesophageal  ganglia.  No  organs  of  sense  have  been  certain  y 

detected. 

The  sexes  in  the  Brachiofoda  appear  to  be  ordinarily  distinct  but  in 

iHiiliiii 

wmmmm 

?c$^ 

(as  in  Lingula),  becomes  .ap.dly. *»■ f  \ »"d5  ".S'l,  resembling  .he 

becomes  distinct  y  horsemhoe-shaped^  (I),  thus  sbtktng^y  ^  dr. 

HftSF  o'T7S finally  produced  by  the  gtLth  and  deveh 
opment  of  the  free  end  of  the  horse-shoe.  differences  of  opinion  exist 

a,r,=.s  KSBgfefe  - 

£  ‘  TheXlonshi^r  the  “ 

admitted  on  ^LTer^chL "a'^being  communities  of  Brachiopods  the 
members  of  the  lattei  class  as  S  ,  t  ther  the  flat  valve  form- 

valves  of  which  are  continuous  Mtl  ^ ’c0ver  the  ventral 
ing  the  united  floor,  whilst  the  co  \  •  ‘  ornamented  for  the  extension 

valve,  but  leaves  “  «Pe™j  Until  recently,  most  naturalists  have 

of  the  lophophore  (A.  Agassiz  .  rked  relationships  with  the 

held  that  both  these  groups  had  s  onS1"  ^.  0n  the  other  hand, 
Lamellibranch iata,  and  many  ^  ;  are  to  be  regarded  as 

the  view  has  been  gaining  ground,  that  these  g  P  {he  immetliate 

comprising  modified  Worms,  ant  for  lhis  view  are  to  be 

neighbourhood  of  the  Annelida.  .  Polvzoans  and  Brachio- 

found  in  the  similarity  of  the  development  £  \he  researches  of 

pods  to  that  of  the  Annel.des,  as  sho^“  H^oloeical  likerfess,  one  of  the 
Morse  and  Kowalewsky.  Apart  from ‘  e  Annelides  is  the 

most  striking  links  between  the  Biac  i  P  be;I1<T  jtself  an  aberrant 

aberrant  Lingula  pyramidata—' tie  Ke”v's  ^  described" by  Morse,  differs 
type.  This  curious  form  (ig.  5  >  u’t‘;n  living  free  in  the  sand.  Its 
from  its  congeners  in  not  being  ■  •  d  higfily  contractile,  and  its 

peduncle  is  long  and  worm-like  hollow  and  Tubicolovls  An- 

lower  end  is  encased  m  a  sam  -  u  b  ■  j  t  tbe  affinities  between  the 
nelide.  Whilst  it  must  be  freely  a dn  it ted  that  tM  QUtward  resem- 

Brachiopoda  and  the  B>nn/td<>  an-  t  a  sufficient  case  lor  the 

(or  Clistenterata ). 
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In  the  fiist  of  these  orders  ( Inavticulata ),  the  valves  of  the  shell  are  not 
united  along  the  hinge-line,  the  mantle-lobes  are  completely  free,  and  the 
intestine  teiminates  in  a  distinct  anus.  In  this  division  are  included  the 
three  families  of  the  Cvauiadii ,  DisciuidtE ,  and  Lingiilidcc — all  very  ancient, 


^  '£•258.  Morphology  of  Brachiopoda.  A,  Lingula  pyramidata  (after  Morse) :  p 
Peduncle;  s  Sand-tube,  encasing  base  of  peduncle.  B,  Lingula  anatina  (after 
Cuvier) ;  p  The  peduncle.  C,  Wald iieimia  cranium,  with  adherent  young,  attached 
to  a  stone  (after  Davidson):  p  Peduncle;  v  Ventral  valve;  d  Dorsal  valve.  D, 
Crania  Ignabergensis,  attached  by  its  ventral  valve  to  a  piece  of  coral  (Chalk). 


and  all  represented  at  the  present  day  by  living  forms — together  with  the 
Palaeozoic  family  of  the  Trimerellida:. 

In  the  second  order  ( Articulata ),  the  valves  of  the  shell  are  united  by 
teeth  along  the  hinge-line,  the  lobes  of  the  mantle  are  not  completely  free, 
and.  the  intestine  ends  blindly.  In  this  division  are  included  the  living 
families  of  the  Terebratulidce ,  Rhynchonellidcc,  and  the  Thecidiida and  the 
extinct  families  of  the  Spiriferidte,  Pentamerida ,  Strophomenida,  and  Pro- 
uctida.  In  the  first  two  of  these  families  the  arms  are  supported  upon  a 
shelly  loop,  of  variable  shape  and  size  (fig.  255,  B) ;  whilst  in  some  of  the 
extinct  Rhyne h onellidce  and  in  the  Spiriferida ,  the  arms  were  supported  by 
large  spirally-coiled  calcareous  lamellae. 


Distribution  of  Brachiopoda  in  Space. — All  the  known 
.achiopods  live  in  the  sea,  and  though  very  local  in  their 
distribution,  they  may  be  said  to  have  a  very  wide  range. 
1  hough  sometimes  found  between  tide -marks,  and  more 
commonly  in  comparatively  shallow  water,  they  are  essentially 
cep-water  forms,  living  most  generally  in  depths  of  from  100 
to  500  fathoms.  A  few  forms  have  been  found  at  depths  of 
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from  2000  to  over  2500  fathoms.  Rather  more  than  100 
species  of  living  Brachiopods  are  known.  ^ 

Distribution  of  Brachiopoda  in  Time. — rlhe  Brachio¬ 
poda  are  found  from  the  Cambrian  rocks  up  to  the  present 
day,  and  present  us  with  an  example  of  a  group  which  appears 
to  be  slowly  dying  out.  Nearly  four  thousand  extinct  species 
have  been  described,  and  the  class  appears  to  have  attaine 
its  maximum  in  the  Ordovicio-Silurian  epoch,  which  is,  for  tins 
reason,  sometimes  called  the  “Age  of  Brachiopods.  Numerous 
genera  and  species  are  found  also  in  both  the  Devonian  and 
Carboniferous  formations.  In  the  Secondary  rocks  Brachio¬ 
poda  are  still  abundant,  though  less  so  than  in  the  Palaeozoic 
period.  In  the  Tertiary  epoch  a  still  further  diminution  takes 
place,  and  at  the  present  day  we  are  acquainted  with  few  more 
than  a  hundred  living  forms.  Of  the  families  of  Brachiopoda , 
the  Productidce,  Strophomenidce ,  and  Spirifendie  are  the  more 
important  extinct  types.  Of  the  genera,  the  most  persistent 
is  the  genus  Lingula ,  which  commences  in  the  Cambrian 
rocks,  and  has  maintained  its  place  up  to  the  present  day, 
though  it  appears  to  be  gradually  dying  out. 

According  to  Woodward  “The  hingeless  genera  attained 
their  maximum  in  the  Palaeozoic  age,  and  only  three  now  sur¬ 
vive  (Lingula,  Discina,  Crania)- the  representatives  of  as  many 
distinct  families.  Of  the  genera  with  articulated  valves  those 
provided  with  spiral  arms  appeared  first,  and  attained  their 
maximum  while  the  Terebratulidce  were  still  few  in  number. 
The  subdivision  with  calcareous  spires  disappeared  with  the 
Liassic  period,  whereas  the  genus  Rhynchonella  still  exists. 
Lastly,  the  typical  group,  Terebratulidce ,  attained  its  maximum 
in  the  Chalk  period,  and  is  scarcely  yet  on  the  decline. 

Of  the  families  of  the  Brachiopoda ,  the  Productidce  and 
Strophomenidce  are  exclusively  Paleozoic.  The  Spimferutce 
are  mainly  Palaeozoic,  but  extend  into  the  Lias  where  they 
finally  disappear.  The  Lmgulidce  commence  in  the  am  nan 
period,  and  have  survived  to  the  present  day.  I  he  A  nm  10 
nellidce ,  Craniadee ,  and  Discinidce  commence  in  the  Ordovician 
period,  and  are  represented  by  living  forms  in  existing  seas. 
The  Thecidiidce  extend  from  the  Trias  to  the  present  da)  ,  am 
the  Terebratulidcc  appear  to  commence  in  the  Silurian,  and  are 
well  represented  by  living  forms. 


LITERATURE  OF  BRACHIOPODA. 


443 


LITERATURE. 


‘Trans.  Zool.  Soc.’ 


“  On  the  Anatomy  of  the  Brachiopoda.”  Owen 
1S35. 

“On  the  Organisation  of  the  Brachiopoda.”  Hancock.  ‘Phil. 
Trans.’  1858. 

“Anatomy  of  Brachiopoda.”  Gratiolet.  ‘Comptes  Rend.,’  1S53  ; 
(  and  ‘  Journ.  de  Conchyliologie,’  1857,  1859,  and  1860, 

‘Monograph  of  the  British  Fossil  Brachiopoda.”  Thomas  Davidson. 
Palmontographical  Society.  1851-71.  (The  first  part  contains  a 
memoir  by  Prof.  Owen  on  the  Anatomy  of  Terebratula,  and  one 
by  Dr  \\ .  B.  Carpenter,  on  the  Intimate  Structure  of  the  Shell  of 
the  Brachiopoda.) 

Article  Brachiopoda.  ’  Davidson.  ‘  Encyclopaedia  Britannica, 
9th  ed.  ’ 

“Qu’est  ce  qu’un  Brachiopode ? ”  Davidson.  ‘Ann.  de  la  Soc 
Malacologique  de  Belg.’  1S76.  (Translated  under  the  name  of 
•  What  is  a  Brachiopod  ?”  ‘  Geol.  Mag.’  1877.) 

7-  “On  the  Trimerellidae.”  Davidson  and  King.  ‘  Quart.  Journ.  Geol 
Soc.’  1S74. 

8.  “On  the  Microscopical  Structure  of  Shells.”  Carpenter.  ‘Rep  Brit 

Assoc.’  1844-47. 

9.  “On  the  Systematic  Position  of  the  Brachiopoda.”  Morse.  ‘Proc. 

Bost.  Soc.  Nat.  Hist.’  1S73. 

10.  “Embryology  of  Terebratulina.”  Morse.  ‘Mem.  Bost.  Soc  Nat 
Hist.’  1873. 

“Early  Stages  of  Terebratulina  septentrionalis.”  Morse.  ‘Mem. 
Bost.  Soc.  Nat.  Hist.,’  1869;  and  ‘Ann.  and  Mae.  Nat  Hist  ’ 
1871.  & 


5- 

6. 


1 1 


12.  •  ‘  Entwickelung  der  Brachiopoden.”  Kowalewsky.  ‘  Mem.  de  I’Acacl. 

Imp.  des  Sci.  de  St  Petersbourg.’  1874. 

J3-  “The  development  of  Lingula,  and  the  systematic  position  of  the 
Brachiopoda.”  ‘Chesapeake  Zook  Lab.  Sci.  Results.’  Brooks, 
i  c>7o. 


444 


MOLL  U  S  C  A. 


CHAPTER  XXXVIII. 


SUB-KINGDOM  MOLLUSCA. 

The  Mollusca  may  be  defined  as  soft -bodied,  bilaterally 
symmetrical,  not  definitely  segmented  animals.  _  4  he  anterior 
part  of  the  body  is  very  generally  developed  into  a  distinct 
head,  bearing  one  or  more  pairs  of  soft  tactile  processes  or 
tentacles.  The  mouth  is  anterior,  the  alimentary  canal  is 
completely  shut  off  from  the  general  cavity  of  the  body,  and 
the  anus  is  primitively  posterior.  The  nervous  system  con¬ 
sists  of  a  small  number  of  paired  ganglia.  A  distinct  vascular 
system  and  a  systemic  heart  are  present.  One  or  more  pairs 
of  kidneys  (sometimes  a  single  kidney)  are  present  as  saccular 
organs  (“  nephridia  ”),  which  open  internally  into  the  body- 
cavity,  and  communicate  with  the  exterior  by  a  pore  placed 
near  the  anus.  Commonly  there  is  an  external  or  internal 

**  shell.” 

The  body  of  a  Mollusc  exhibits  a  distinct  dorsal  and  ven¬ 
tral  surface,  and  a  right  and  left  side.  The  dorsal  surface  is 
covered  by  a  fold  of  the  integument  which  constitutes  what 
is  called  the  “  mantle  ”  or  “  pallium,”  and  which  may  be  greatly 
expanded  laterally,  or  may  form  a  complete  sac  enclosing  al 
the  viscera.  The  so-called  “mantle-cavity”  or  “pallial  cham¬ 
ber  ”  is  the  space  included  between  the  lateral  prolongations 
of  the  mantle  and  the  sides  of  the  body.  .  ,,  , 

From  the  ventral  side  of  the  body  there  is,  typically,  de¬ 
veloped  an  unpaired  median  muscular  mass,  which  constitutes 
what  is  called  the  “  foot.”  The  foot  (fig.  *$*  /  “ay*"** 
distinct  division  into  an  anterior,  a  middle  and  a  P“,er 
region,  and  it  is  often  furnished  with  distinct  lateral  1 
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longations  (“  epipodia  ”).  The  foot  undergoes  remarkable 
modifications  in  different  groups  of  the  Mollusca. 

The  alimentary  canal  commences  at  the  mouth  (fig.  259,  m), 
which  may  or  may  not  be  provided  with  an  apparatus  of  teeth, 
or  furnished  with  tactile  processes.  The  digestive  tube  is 
commonly  of  considerable  length,  and  usually  shows  a  gullet, 
into  which  salivary  glands  pour  their  secretion,  a  stomach, 
and  an  intestine.  The  rectum  terminates  at  the  anal  aperture 
(fig.  259,  a),  which  is  primitively  at  the  hinder  end  of  the  body, 
but  which  in  many  forms  ultimately  becomes  shifted  further 


g.  259.  Diagram  of  a  Mollusc  (altered  from  Lankester).  m  Mouth;  a  Anus;  l 
Inver;  f  toot  ;  sk  Shell,  attached  to  the  mantle;  h  Heart  ;  fe  Pericardium  •  n 
£idney,  opening  internally  into  the  pericardium,  and  externally  near  the  anus  (&); 
Mnc'r  T,0!  u  cey4>-al  ganglia,  connected  by  commissures  with  the  pleural 

S  i*)  a'-d  th?  pedal  eangI,on  (fs)>  ™  Visceral  nerve-cord  extending  back- 
ward,  and  carrying  visceral  ganglia  (vg). 


forwards.  I  here  is  a  large  and  well-developed  liver,  opening 
mto  the  commencement  of  the  intestine  (fig.  259,  /). 

4he  blood  is  colourless,  and  the  blood-vessels  are  in  part 
furnished  with  definite  walls.  A  large  part  of  the  circulation 
s,  however,  carried  on  in  the  lacunar  spaces  between  the 
issues.  \  definite  heart  (fig.  259,  h)}  consisting  of  a  ven- 
lc  e,  with  one  or  two  auricles,  is  always  present,  and  always 
as  t  ie  functi°n  of  propelling  the  aerated  blood  through  the 
0  7.’  heart  lies  dorsally,  and  is  enclosed  in  a  “peri- 

ar<  la  chamber”  (fig.  259,  pe),  which  is  placed  in  communi- 
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cation  with  the  exterior  by  the  kidneys,  but  is  not  normally 
filled  with  blood. 

Respiratory  organs  are  not  always  developed,  the  function 
of  respiration  being  in  some  cases  discharged  by  the  thin 
walls  of  the  mantle-cavity.  In  the  majority  of  the  Molluscs 
there  are  definite  respiratory  organs,  a  portion  of  the  mantle 
being  specialised  for  this  purpose.  In  the  Lamellibranchiata, 
and  the  branchiate  Gasteropoda,  the  breathing-organs  are  in 
the  form  of  lamellar  and  pectinate  gills ;  and  the  same  is  the 
case  with  the  Cephalopoda.  In  the  pulmonate  Gasteropoda,  in 
which  respiration  is  aerial,  a  pulmonary  sac  or  air-chamber  is 
produced  by  the  folding  of  a  portion  of  the  mantle,  over  the 
interior  of  which  the  pulmonary  vessels  are  distributed.  The 
chamber  thus  formed  communicates  with  the  exterior  by  a 

round  anerture.  which  can  be 


Fig.  260. — Nervous  system  of  a  Lam 


Jllibranch  (A  notion),  c  t  Cerebral 
ganglia,  united  by  a  commissure  m 
front;  /  Pedal  ganglia,  united  with 
the  cerebral  ganglia  by  commissures 
which  pass  on  the  two  sides  of  the 
gullet;  Visceral  ganglia  united  to 
form  the  “.parietosplanchmc  ”  gang¬ 
lion,  joined  with  the  cerebral  ganglia 
by  the  visceral  commissures. 


following  parts.  (1)  A  pair 
joined  with  one  another  by 


aperture,  which  can 
opened  or  closed  at  will ;  and 
the  renovation  of  the  effete  air 
within  the  sac  appears  to  be 
effected  mainly  or  entirely  by 
simple  diffusion. 

The  function  of  excretion  is 
especially  discharged  by  the  kid¬ 
neys,  which  may  be  unpaired 
(Gasteropods  generally).  In 
some  Gasteropods,  and  in  the 
Bivalves,  there  are  two  renal 
organs,  and  in  Nautilus  there 
are  four.  The  kidneys  or  “  ne- 
phridia  ”  of  the  Mollusca  are  sac¬ 
cular  organs,  which  may  be  com¬ 
pared  with  the  “  segmental  or¬ 
gans”  of  the  Annelides.  They 
open  internally  into  the  peri¬ 
cardium  (fig.  259,  n),  and  com¬ 
municate  with  the  exterior  by  a 
pore  usually  placed  near  the 
anus. 

The  nervous  system  of  the  Mol¬ 
lusca  (fig.  260)  consists  of  paired 
ganglia  united  by  commissures. 
In  its  typical  arrangement,  the 
nervous  system  consists  of  the 
of  cerebral  ganglia  (fig.  260,  c  c), 
commissure  which  passes  above 


UUltU  YV1L11  — -  J  .  _  -  . 

the  gullet.  From  the  cerebral  ganglia  a  pair  of  commissures 
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pass  backwards,  one  on  each  side  of  the  gullet,  to  (2)  a 
pair  of  pedal  ganglia,  which  supply  the  foot  and  adjacent 
parts  with  nerves.  (3)  A  group  of  visceral  ganglia  placed 
towards  the  posterior  part  of  the  body.  The  development  of 
these  is  very  variable,  but  in  the  Bivalves  they  are  of  large 
size,  and  become  fused  to  form  the  so-called  “parieto- 
splanchnic  ganglion  (fig.  260,  v).  In  other  cases  the  visceral 
ganglia  are  shifted  forwards,  and  may  become  fused  with  the 
pedal  ganglia,  or  with  the  cerebral  ganglia.  AVhen  separately 
developed,  the  visceral  ganglia  are  united  with  the  cerebral 
ganglia  in  front  by  a  pair  of  visceral  commissures,  which  may 
become  directly  connected  with  the  cerebral  ganglia,  or  may 
spring  Irom  a  separate  cesophageal  nerve-ring,  distinct  from 
the  pedal  commissures.  In  this  latter  case  the  point  of  origin 
of  the  visceral  commissures  is  marked  by  the  development  of 
a pleural  ganglion  on  each  side  of  the  gullet  (fig.  259,  pg). 

As  regards  their  organs  of  sense,  the  Mollusca  usually  have 
tactile  organs  in  the  form  of  sensitive  processes  (labial  palpi) 
placed  round  the  mouth,  or  tentacles  carried  on  the  head. 
Eyes  are  present  in  many  forms,  and  in  the  Cephalopoda 
reach  a  very  high  grade  of  organisation.  In  the  Lamelli- 
branchs  the  adults  are  either  destitute  of  organs  of  vision,  or 
possess  numerous  simple  eyes  (“ocelli”)  placed  along  the 
margins  of  the  mantle  -  lobes.  Auditory  organs  are  very 
commonly  present,  and  have  the  form  of  closed  sacs 
(‘  otocysts  ”),  situated  either  in  the  head  or  foot.  There 
are  also  in  some  cases  organs  which  are  supposed  to  be 
olfactory  in  function. 

Reproductive  organs  are  always  present,  and  the  sexes  may 
be  distinct  or  united.  The  generative  organs  open  externally 

near  the  anus,  sometimes  in  common  with  the  ducts  of  the 
Kidneys. 

As  regards  the  development  of  the  Mollusca,  there  is  usually 
a  we  -marked  metamorphosis.  In  most  cases  the  young 
a  °  .Uscj  Passes  through  a  stage  in  which  the  anterior  part  of 
rir  1  r  ymg  m  front  of  the  m°uth,  is  furnished  with  a 
fln'C  e«  °  <?^a’  means  of  which  the  embryo  swims.  In 
r  S  .  trochosphere  stage,  the  Molluscan  embryo  closely 
D  em  es  ie  inrvm  of  many  Annelides.  As  development 
cjU Cee  s’  *■ le  posterior  end  of  the  body,  behind  the  circle  of 
ultln  gr(^ws  more  rapidly  than  the  anterior  end,  and  the  latter 
«  , ate  f  oomes  to  form  a  ciliated,  often  lobed  disc,  or 

J‘u”'  on  the  front  Part  of  the  head  (fig.  261,  v).  In  this 
later  i  f6  embryo  is  usually  spoken  of  as  a  “veliger.”  In 
1  e  the  ciliated  velum,  having  discharged  its  temporary 
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purpose  as  a  locomotive  organ,  usually  wholly  disappears. 
The  embryo  further  possesses,  as  shown  by  Ray  Lankester,  a 
glandular  involution  of  the  dorsal  integument,  by  which  the 


2g,. _ “Veliger”  stage  of  a  young  Gasteropod.  v  Velum  :  f  Foot ;  o  Opercular  i; 

plate  developed  on  the  back  of  the  foot ;  < hr  Branchial  chamber  ;  sk  Primitive  shell. 


embryonic  shell  is  produced,  and  which  commonly  disappears 
in  the  course  of  embryonic  development.  The  shell  of  the 
adult,  however,  is  in  most  cases  developed  secondarily  from 
the  free  dorsal  surface  of  the  mantle  (fig.  259,  sh). 

As  implied  by  their  scientific  name,  the  Mollusca  are  mostly 
soft-bodied  animals ;  but  their  popular  name  of  “  Shell-fish  ” 
expresses  the  fact  that  the  presence  of  a  shell,  protecting  the  j 
soft  body,  is  likewise  a  very  characteristic  feature  in  the  sub-  1 
kingdom.  At  the  same  time,  a  shell  is  not  universally  present, 
an ,f  many  of  the  Mollusca  are  either  permanently  naked,  or  : 
possess  nothing  that  would  be  ordinarily  looked  upon  as  a  1 
shell.  When  there  is  either  no  shell  at  all,  or  merely  a  rudi-  I 
mentary  shell  enclosed  in  the  mantle,  the  Mollusc  is  said  to  I 
be  “  naked.”  The  shell  of  the  “  testaceous  ”  Mollusca  is  very  t 
closely  related  to  the  respiratory  organs ;  “  indeed  it  may  be  I 
regarded  as  a  pneumoskeleton ,  being  essentially  a  calcified  por-  : 
tion  of  the  mantle,  of  which  the  breathing-organ  is  at  most  a 
specialised  part.  .  .  .  In  its  most  reduced  form  the  shell  1  I 

is  only  a  hollow  cone  or  plate,  protecting  the  breathing-organ  1 
and  heart,  as  in  Li  max,  Testacella,  and  Car  inaria.  Its  peculiar  1 
features  always  relate  to  the  condition  of  the  breathing-organ,  | 
and  in  Terebratula  and  Pelonaia  it  becomes  identified  with  the 
mil.  in  the  Nudibranchs  the  vascular  mantle  performs,  wholly  I 
or  in  part,  the  respiratory  office.  In  the  Cephalopods  the  shell 
becomes  complicated  by  the  addition  of  a  distinct,  internal,  | 
chambered  portion  ( phragmacone ),  which  is  properly  a  visceral  | 
skeleton”  (Woodward).  In  a  great  many  of  the  Mollusca  k I 
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“UntaHes^t  bl"  *,  ^  piece'  a"d  "’ey  ™  called 

^  ;s,  *  fs 

referable  ‘totS  C™^,?6"8  °f  °'der  'vriters  are  m  ^U?y 

of  the  “  naked' "'forms^aaiuire  Trn'r  l'"'  Ar«°"aut)>  and  most 
liberation  from  the  ovum  In  f;ip  d.1'llen,tary  she11  bef°re  their 

is  cast  off  as  the  er.ibryogrows  but  n  the'fnrl,dlrne"i“ry  she" 

- — -  ^  jf 

usually  having  tL'awmTc'arL^vem^ff  nf^  c?nsists  °f  carbonate  of  lime— 
of  animal  matter.  In  the  Pholadid  -  hr  CaClt<f  With  a  small  proportion 
in  the  alletropic  condition  of *“«“  exists 
calcite  ;  and  there  are  nnnv  r'oef  •  h  ls  very  much  harder  than 

composed  of  aragonite.  Asreearfs tb°JS  ♦“  Whlch,  the  she11  is  similarly 
of  fle'ls  may  be  distinguished— viz  the‘‘  S  three  principal  varieties 
and  the  “fibrous.”  In  the  “  nacreoL  ”P arcellan?us.  the  “  nacreous,” 
mother-of-pearl,”  the  shell  has \  or  pearly  shells,  as  seen  in 

undulations  of  the  edges  of  alternate  1™^*"  hrStre’,  due  to  the  minute 
membrane.  The  “fibrous”  shim  1  ye  s  of  carh°nate  of  lime  and 
prismatic  cells.  The  “  porcSoSs6"  ^hJ 11°^  °f  successive  ,aycrs  of 

structure,  and  is  composed  of  three  livers 'nL  f  ^  a  ,more  implicated 

up  of  very  numerous  plates  “like  card  •  r.1  Str,ata’  e?ch  of  which  is  made 
•n  which  the  vertical  plates  are  nl-oV  ,  P.aced  on  edge.”  The  direction 
central  layer,  and  lengthwise  in  the  two  IS.,S0Inetlmes  transverse  in  the 

"Xr  jse!  “  r  ‘»™  "6itudind  in  the 

£  the  ‘‘epidermis,”  or  “ peStraTum  ”f  an.jmal  matter,  which  is  known 
t  "a'ty,  but  is  sometimes  very  thick  thV  l  1IS  ls.  sometimes  of  extreme 
mh  *'!!<  which  ucre  Tou^'j  i-„  ‘ fre.Jh  wi .er?'"*5  “* 

•ions^Sv^edTe^  int0  *">  sec- 

Cephalophora)  characTeHser  11  T  a"d  the  EncePh^  (or 
distinctly  *e  absence  or  Presence  of  a 

Molluscs  correspond  to  the  class  LameNt^  /°'  AcePhalous’ 
Pngmshed,  at  first  smht  L°me  M™nchta ta  ;  also  dis- 

The  Acephalous  MolL/  '  possess,on  of  a  bivalve  shell. 

^  divided  into  three  "If6  mo?  hiShly  organised,  and 
Pteropoda,  and  the  CrtJ  /  fL/  vlZ->  tbe  Gastropoda,  the 

<Ws  IS  Of  very  variS  ntf,:  "t  Th,e  shdl  in  *ese  three 

ar  and  complicated  rV  1  r  ?•’  but  1  hey  a]1  Possess  a  singu- 

Srouped  together  by  P  oLl  'T3',  teeth  ’  hence  they  are 

°duntophora.  y  olessor  Huxley  under  the  name  of 
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CHAPTER  XXXIX. 


LA  M  ELL  IB  RA  NCH I A  TA. 

Cl\ss  I.  Lamellibranchiata,  or  Conchifera  ( Pelecypoda ). 
— The  members  of  this  class  are  characterised  by  the  absence  of 
a  distinctly  differentia  ted  head ,  and  by  having  the  mantle  divided 
into  turn  lobes ,  right  and  left ,  each  of  which  secretes  a  shelly  in¬ 
vestment,  so  that  the  body  is  more  or  less  completely  enclosed  in  a 
bivalve  shell.  There  are  one  or  two  fairs  of  lamellar  gills  on 

each  side  of  the  body.  An  odonto- 
phore  is  wanting.  The  sexes  are 
distinct  or  united. 

The  Lamellibranchiata  (Mus¬ 
sels,  Oysters,  Scallops,  Cockles, 
iXc.)  are  often  spoken  of  as  the 
“  Bivalve  Molluscs,”  and  they 
are  all  either  marine  or  inhabit¬ 
ants  of  fresh  water. 

4' he  body  in  the  Lamelli- 
branchs  is  bilaterally  symmetri¬ 
cal,  and  is  enclosed  in  a  largely 
developed  “  mantle  01  pal¬ 
lium,”  which  is  divided  into  two 
lateral  halves,  the  right  and  left 
“  lobes  ”  of  the  mantle.  The  two 
lobes  of  the  mantle  are  united 
along  the  dorsal  side  of  the  body, 
and  are  prolonged  laterally  as 
two  great  flaps,  which  conceal 
the  body,  and  enclose  interiorly 
a  chamber  known  as  the  “  man¬ 
tle-cavity.”  The  lower  or  ventral 
edges  of  the  mantle-lobes  are  noi- 
mally  free;  but  in  many  Bivalves 
they  become  more  or  less  tusec 


pig.  262.— Diagrammatic  vertical  and 
transverse  section  of  My  a  arennna. 
h  Back,  or  “dorsal  margin  ’  of  the 
shell ;  S'  S  The  two  valves  of  the  shell, 

right  and  left;  mm  The  two  halves,  _ 

or  “  lobes,"  of  the  mantle,  producing  another  (fist-  262),  SO 

the  shell  :  g  g  The  gdls,  two  pairs  on  With  Olie  ailOUlCl  V  O 

each  side  ;  h  The  heart ;  i  Intestine  ;  j.|lat  the  animal  IS  enclosed  hi  a 

-/Thef00t'  complete  sac,  in  which  certain 

openings  are  left  anteriorly  a.ul  ^ 

s^vT  to  permit  the  ingress  into  the  mantle  -  cavity  of  the 
waiter  required  for  respiration  and  for  the  purpose  of  ob 
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taining  food,  and  the  egress  of  the  same.  The  lower  or 
\entral  aperture  is  inhalant  in  function;  the  upper  or  dorsal 
aperture  is  exhalant;  and  the  anus  is  always  placed  in  the 
vicinity  oi  the  latter,  so  that  excrementitious  matters  are 
carried  away  in  the  out-going  currents  of  water.  In  many 
cases  these  two  openings  into  the  mantle-sac  are  drawn  out 
into  longei  01  shorter  muscular  tubes  (fig.  264,  s  s'),  which  are 
known  as  the  ‘  siphons,  ’  and  which  will  be  more  particularly 
considered  hereafter.  In  those  Bivalves  which  have  the  ven¬ 
tral  margins  of  the  mantle-lobes  free,  the  in-going  and  out¬ 
going  currents  of  water  still  enter  and  leave  the  mantle-cavity 
by  openings  at  its  posterior  end.  The  mantle-lobes,  namely, 
present  each  a  pair  of  dorsal  and  ventral  excavations  at  their 
posterior  margins,  so  that  when  the  mantle-lobes  are  in  ap¬ 
position  there  are  formed  two  apertures,  one  ventral,  the  other 
dorsal,  which  permit  respectively  the  entrance  and  the  exit 
of  water. 


In  those  Bivalves  which  have  the  mantle-lobes  fused  along 
their  ventral  edges,  a  third  aperture  is  necessary  in  order  to 

OllniiT  il.  -  _ j  *  r-  1  .  .  „  ..  ■' 


*_»  /  -  -  r - -  in  U1UB1  LU 

allow  of  the  protrusion  of  the  “foot”  (fig.  264,/).  This 


aperture  is  always  placed  ventrally  and  towards  the  anterior 
end  of  the  animal.  In  the  forms  with  free  mantle-lobes  no 
special  opening  is  needed  for  the  protrusion  of  this  organ. 

The  “foot  ”  of  the  Bivalves  is  not  so  extensively  developed 
as  in  the  Gastropods.  Usually  it  forms  a  hatchet-shaped 
muscular  organ,  which  may  be  used  in  locomotion,  but  is 
hardly  ever  adapted  for  crawling.  In  other  cases  it  is  cylin¬ 
drical  in  shape,  and  in  the  sedentary  Bivalves  it  is  more  or 
ess  completely  aborted.  In  many  cases,  especially  in  the 
young  there  is  developed,  on  the  under  surface  of  the  foot  in 
the  middle  line,  a  peculiar  “  byssal  gland.”  This  gland  secretes 
■  a  vjscirl  material  which  is  moulded  into  threads  by  grooves  on 
r  r e  ^nterf,a*  sur/ace  °f  foot,  and  which  gives  rise  to  a  tuft 

fr  r  ky  bbres  (the  “byssus”),  serving  to  moor  the  animal  to 
toreign  objects. 

rhe  ^//°f  the  Bivalves  is  the  result  of  the  deposition  of 
vpnim  tS  U1  ■t  16  outer  layer  of  the  mantle,  chiefly  along  its 
mrl  r(l,r, raa,r,1Jins„’  ant^  as  the  mantle  is  divided  into  a  right 
left  “C  1  ”JC’  S°  tbe  She11  a*so  *s  divided  into  a  right  and 
ter miT  Ve"  ^  be  shell  is  composed  in  general  of  a  thin  in- 

ayer  mother-of-pearl,  and  an  outer  prismatic  layer, 

.  snrf^°mPr0n,ent  prisms  beinS  at  riSht  anglcs  to  the  general 
ferp'n?C.  °  tbe  shell;  but  the  minute  structure  varies  in  dif- 
js  r  ypes  die  class.  The  external  surface  of  the  shell 
vered,  as  a  rule,  by  a  horny  “epidermis,”  but  this  may 
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be  wanting  in  the  adult.  Each  valve,  moreover,  shows  more 
or  less  numerous  concentric  “  lines  of  growth,”  indicating 
the  periodic  additions  made  to  the  ventral  margin  of  the 

shell.  .  ,  _  7 .  ,  ,  . 

Though  the  Bivalves  agree  with  the  Brachiopoda  m  pos¬ 
sessing  °a  shell  which  is  composed  of  two  pieces  or  valves 
(small  accessory  plates  are  present  in  Pholas,  &c.),  there  are, 
nevertheless,  many  points  in  which  the  shell  of  a  Lamelli- 
branch  is  distinguished  from  that  of  a  Brachiopod,  irrespec¬ 
tive  of  the  great  difference  in  the  structure  of  the  animal  in 
each.  The  shell  in  the  Brachiopoda ,  as  we  have  seen,  is  rarely 
or  never  quite  equivalve,  and  always  has  its  two  sides  equally 
developed  (equilateral) ;  whilst  the  valves  are  placed  antero- 
posteriorly  as  regards  the  animal,  one  in  front  and  one  behind, 
so  that  they  are  “dorsal”  and  “ventral.”  In  the  Lamelh- 
branchiata,  on  the  other  hand,  the  two  valves  are  usually  of 
nearly  equal  size  (equivalve),  and  are  more  developed  on  one 
side  than  on  the  other  (inequilateral) ;  whilst  their  position  as 
regards  the  animal  is  always  lateral ,  so  that  they  are  properly 
termed  “right”  and  “left”  valves,  instead  of  “ventral  and 

dorsal  ^ 

It  is  to  be  remembered,  however,  that  many  of  the  Bivalves, 
such  as  the  Oysters,  habitually  lie  on  one  side,  in  which  case 
the  valves,  though  really  right  and  left,  are  called  “  upper  and 
“  lower  ”  It  is  to  be  borne  in  mind,  also,  that  the  two  "valves, 
especially  in  the  attached  Bivalves,  may  be  very  unsymmetrical, 
one  valve  being  much  larger  or  deeper  than  the  other.  Lastly, 
there  are  some  cases  (e.g.,  Pectunculus )  in  which  the  shel 
comes  very  nearly  equilateral,  the  line  drawn  from  the  beaks 
to  the  base  dividing  the  shell  into  two  almost  equal  halves. 

The  following  are  the  chief  points  to  be  noticed  in  connection 
with  the  shell  of  any  Lamellibranch  (fig.  263) :  Each  valve  oft 
the  shell  may  be  regarded  as  essentially  a  hollow  cone,  the  apex 
of  which  is  turned  more  or  less  to  one  side  ;  so  that  more  o 
the  shell  is  situated  on  one  side  of  the  apex  than  on  the  othe  ■ 
The  apex  of  the  valve  is  called  the  “umbo,  or  beak,  and 
is  mostly  turned  towards  the  mouth  of  the  animal.  Conse 
quently,  the  side  of  the  shell  towards  which  the  umbones  arc 
turned^ is  the  “anterior”  side,  and  it  is  usually  the  shortes 
half  of  the  shell.  In  some  Bivalves,  however,  the  beaks  arc 
“reversed,”  and  are  turned  towards  the  posterior  side  ot  the 
shell  The  longer  half  of  the  shell,  from  which  the  umbone. 
turn  away,  is  called  the  “posterior”  side,  but  m  some  case 
this  is  equal  to,  or  even  shorter  than,  the  antenor  s  i  c. 
side  of  the  shell  where  the  beaks  are  situated,  anc  w  ter 
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valves  are  united  to  one  another,  is  called  the  “  dorsal  ”  side  ; 
and  the  opposite  margin,  along  which  the  shell  opens,  is  called 
the  “ventral”  side  or  “base.”  The  length  of  the  shell 


is 


h 


A 


F'8' B2, Posterior  m'arli0/  f1'0”*-  (A£er  W°°dward.)  A,  Anterior  margin. 

-  r  a-  margin.  C,  Ventral  margin  or  base :  uUmbo;  h  Lisrament  •  l  I.nnnle- 

^PainLIbne001^  \v  teethj  A  Aumerior  Eductor;  a  Posterior’  adductor  j 

P  allial  line  ,  .r  Palhal  sinus,  caused  by  the  retractor  muscles  of  the  siphons. 

measured  from  its  anterior  to  its  posterior  margin,  and  its 
breadth  from  the  dorsal  margin  to  the  base. 

At  the  dorsal  margin  the  valves  are  united  to  one  another 
or  a  shorter  °r  longer  distance,  along  a  line  which  is  called 
me  hinge-line.  The  union  is  effected  in  most  shells  by 

bhTut' 0ff,a„ve: ?GS  partS  which  interlock  with  one  another 

e  •  ,teeth,  )>  but  these  are  sometimes  absent,  when  the  shell 
LS1  tt0,be  ‘<edent,ulous'”  Posterior  to  the  umbones,  in 

whirV  Va  ueS:, 1S,  an°?er  structure  Passi"g  between  the  valves, 
hich  is  called  the  ligament,”  and  which  is  usually  composed 

Th  U)  Parts’  eitber  distinct  or  combined  with  one  another 
li^mVr0  partsare  bnown  as  the  “external  ligament”  (or  the 
ap-prir,n  ProPer)  and  the  “cartilage,”  and  they  constitute  the 
mau  \  W,lereby  *■ 16  sleP  *s  opened,  but  one  or  other  of  them 
corKi'cu  abrSent;  ,phe  bgament  proper  is  outside  the  shell,  and 
the  mi S  °  a  ,,a,n<  ot  borny  fibres,  passing  from  one  valve  to 
unnn  .]er  iUSt  'eJLlnd  the  beaks,  in  such  a  manner  that  it  is  put 
intem  m  Stretcb  wben  the  shell  is  closed.  The  cartilage,  or 
vai,  a  'gament,  is  lodged  between  the  hinge-lines  of  the  two 

«  of  the  fTal,y  ln  0ne  or  more  “P'ts,”  or  in  special  processes 
'  le  ‘  ^  consists  of  elastic  fibres  placed  perpendicu- 
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pig.  264.— Anatomy  of  Mya  arcnnria. 
(After  Woodward.)  The  left  valve  of 
the  shell  and  the  left  mantle-lobe  are 
removed,  and  half  of  the  siphons  has 
been  cut  away,  a  Anterior  adductor ; 
a'  Posterior  adductor;  /'Visceral  mass; 
<•  Chamber  of  the  mantle-cavity  into 
which  the  anus  (v)  opens  ;  J  Foot ;  g 
Branchiae ;  /«  Heart;  m  Cut  ventral 
edce  of  the  mantle  ;  <>  Mouth  ;  x  In¬ 
halant  siphon ;  V  Exhalant  siphon. 
/  I.abial  palpi.  The  arrows  indicate 
the  direction  of  the  water-currents. 


larly  between  the  surfaces  by  which  it  is  contained,  so  that  the) 
are  necessarily  shortened  and  compressed  when  the  valves  are 

shut.  To  open  the  shell,  there¬ 
fore,  it  is  simply  necessary  for 
the  animal  to  relax  the  muscles 
which  are  provided  for  the  clo¬ 
sure  of  the  valves,  whereupon 
the  elastic  force  of  the  ligament 
and  cartilage  is  sufficient  of  itself 
to  open  the  shell. 

Generally  the  hinge  -  line  is 
curved,  but  it  is  sometimes 
straight.  The  beaks  are  mostly 
more  or  less  contiguous,  but 
they  may  be  removed  from  one 
another  to  a  greater  or  less  dis¬ 
tance,  and  in  some  anomalous 
forms  they  are  not  near  one  an¬ 
other  at  all.  In  the  Arccidcn  the 
two  beaks  are  separated  from 
one  another  by  an  oval  or  loz¬ 
enge-shaped  flat  space  or  area. 
When  teeth  are  present,  they  dif¬ 
fer  much  in  their  form  and  ar¬ 
rangement.  In  some  forms  (fig- 
263)  the  teeth  are  divisible  into 


three  sets — one  group,  of  one  or 
more  teeth,  placed  immediately 
beneath  the  umbo,  and  known 
as  the  “cardinal  teeth”;  and  two 
groups  on  either  side  ot  the 
preceding,  termed  the  “  lateral 
teeth.”  Sometimes  there  may  be 
lateral  teeth  only;  sometimes  the 
cardinal  teeth  alone  are  present ; 
and  in  some  cases  ( Arcadce )  there 
is  a  row  of  similar  and  equal 
teeth. 

While  the  opening  ot  the  valves 
of  the  shell  of  a  Lamellibranch  is 
effected  by  the  elastic  force  ot  the 
ligament,  the  closure  of  the  valves 
is  effected  by  the  contraction  ot 

one  or  two  powerful  muscles,  which  are  ^nown,  ^  germed  I 
doctor  muscles.”  In  the  majority  of  Bivalves— hence  termea|| 
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Ditnyaria — there  are  two  adductor  muscles,  which  pass  from 
the  inner  surface  of  one  valve  to  that  of  the  other,  one  being 
placed  anteriorly  in  front  of  the  mouth,  while  the  other  is 
situated  posteriorly  close  to  the  termination  of  the  intestine 
(fig.  264,  a  and  a).  Moreover,  among  the  Dimyary  Bivalves 
the  adductors  present  two  markedly  different  conditions.  In 
one  group  of  forms — hence  termed  Hoinomyaria — the  anterior 
and  posterior  adductors  are  approximately  equal  in  size.  In 
a  second  series — -hence  termed  Heteromyaria — the  anterior 
adductor  is  very  small,  and  the  posterior  adductor  is  very 
large.  Examples  of  this  latter  condition  are  found  in  the 
Mussels,  Pearl-mussels,  &c.  On  the  other  hand,  in  Ostreci, 
Pecten ,  and  certain  other  Bivalves — hence  called  Monomyciria 
— the  anterior  adductor  is  absent,  and  the  posterior  adductor 
alone  remains.  The  adductors  leave  distinct  “  muscular  im¬ 
pressions  ”  in  the  interior  of  the  shell  (fig.  265),  so  that  it  is 
easy  to  determine,  by  a  simple  inspection  of  the  dead  shell, 
whether  a  given  Bivalve  has  been  “  dimyary”  or  “  monomyary.” 

Besides  the  scars  left  by  the  adductor  muscles,  or  muscle, 
there  are  other  impressions  in  the  interior  of  the  valves  which 
are  produced  by  the  attachment  of  muscles.  Thus,  the  “  foot  ” 
is  very  commonly  provided  with  “pedal  muscles,”  which  leave 
small  scars  in  the  inside  of  the  shell.  When  they  are  well 
developed,  the  “  pedal  impressions  ”  are  twofold,  consisting  of 
an  impression  formed  by  the  “protractor”  muscle  which  ex- 
serts  the  foot,  and  of  another,  posteriorly-placed  scar  (some¬ 
times  two  such)  formed  by  the  “  retractor  ”  muscle  which  with¬ 
draws  the  foot  (fig.  265,  A,  pp  and  rp). 

Again,  the  muscular  margin  of  the  mantle  is  attached  to  the 
interior  of  each  valve  along  a  line  running  at  a  little  distance 
within,  and  parallel  with,  the  ventral  margin  of  the  shell.  In 
this  way  is  formed  a  more  or  less  well-marked  impression  in 
the  interior  of  each  valve,  which  is  termed  the  “pallia!  line” 
(fig.  265,  m).  The  form  assumed  by  the  “  pallial  line”  differs 
in  different  Bivalves  according  as  respiratory  “siphons”  are 
present  or  absent.  In  all  those  Bivalves,  namely,  in  which 
t  e  mantle-lobes  are  free,  and  in  which  there  are  consequently 
no  siphons,  the  “pallial  line”  runs  in  an  unbroken  curve 
round  the  lower  part  of  the  valve  (fig.  265,  A,  in).  The  pallial 
me  is  similarly  unbroken  in  those  Bivalves  which  possess  short 
siphons,  but  which  do  not  possess  a  specially  developed  “  re- 
tractor  muscle  ”  for  the  withdrawal  of  the  siphons  within  the 
shell.  1  he  name  of  Integropallialia  is  given  to  all  such  Bi¬ 
valves  as  the  above,  in  which  the  pallial  line  is  “entire,”  or 
unindented,  and  there  are  either  no  siphons  or  but  short  ones. 
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On  the  other  hand,  in  those  Bivalves  which  have  long  respira¬ 
tory  siphons  there  exists  a  specially  developed  “  retractor 
muscle,”  the  function  of  which  is  to  withdraw  the  siphons 
within  the  shell.  The  insertion  of  this  siphonal  retractor 
causes  an  indentation  in  the  pallial  line  posteriorly  (fig.  265, 


e.  265. — A,  Interior  of  the  left  valve  of  Anodontacygnca.  B,  In‘T°h°e  of/ VrfcK 
valve  of  Artemis  exoleta  (after  Woodward).  C,  Interior  of  the  left  valve  ot  t  .cten 
varius  (after  Woodward),  a  Impression  of  the  anterior  adductor  j 
the  posterior  adductor;  m  Pallial  line;  Sinus  in  the  pallia  i  ~  cau**  "»u“}e 
insertion  of  the  retractor  muscles  of  the  siphons,  //  ^ar  of  t P  ,  g  f  ,he 
of  the  foot;  rp  Scar  of  the  anterior  retractor  muscle  of  the  foot  p  hear 

posterior  retractor  muscle  of  the  foot.  In  /ecie*1  va(\ni  Aui  t}iere  is  a 

monomyary,  the  scar  left  by  the  posterior  adductor  (/«)  is  double,  and 
large  scar  (pc)  formed  by  the  muscular  base  of  the  toot. 


B  A  the  depth  of  this  depending  upon  the  size  of  the  siphonal 
muscles.  In  all  those  Bivalves,  therefore,  which  possess  re¬ 
tractile  siphons,  the  pallial  line  is  deflected  posteriorly  into  a 
larger  or  smaller  “pallial  sinus”  or  siphonal  impression,  and 
those  Bivalves  in  which  this  sinus  exists  are  grouped  toga  ie 

under  the  name  of  Siniipallialia.  ...  f  .1  „ 

There  is  no  distinctly  differentiated  head  in  any  of  tne 
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Lamellibranchs  (hence  the  name  of  “  Acephalous  Molluscs” 
commonly  given  to  the  class),  and  the  mouth  is  simply  placed 
at  the  anterior  end  of  the  body.  It  is  furnished  with  ciliated 
leaf-like,  membranous  processes,  or  “  labial  palpi  ”  (fig.  266,  Ip), 
which  are  two  or  four  in  number,  and  serve  as  organs  of  touch. 


.onauaBeivil^enChTht'  1  ®iaSramma‘!c,  representation  of  the  anatomy  of 
,°n«  tJ ,va,ve  a"4  left  mantle-lobe  are  removed,  and  th 


Fig-  266.- 

s!phonsaare" cu“t‘ 'short ,Va‘Ve  "}?  ‘T  mant'e-|obe  are  removed,  and  th 
«  Stomach,  surrounded  b?,fe 

adducmr  the  heart  (/t);  ,  Rectum,  terminating  in  the^ anus; ad  Anterio 

mouth  is  a^li ttle° dfsD?aeed  dUCt°r  A  "  SuPra'ce"ophaSeal  or  cerebral  ganglion  (th 
gullet  instead  of  above  itV  P,Warr1?’  s0  that  the  ganglion  comes  to  he  below  th 
„  (•,,,*?„  °‘  above  it),  n  Panetosplanchmc  or  branchial  ganglion;  /  Foot 

Branchiae  o/the  left^ide^  mantle-,obe  =  rs  Retractor  muscle  of  the  siphons;  /> 
siphon  h  f  d  ’  S  Generatlve  glands;  *  Inhalant  siphon;  F  Exhalan 


The  food  consists  of  microscopic  organisms  or  particles  of 
woken -down  animal  or  vegetable  matter,  which  enter  the 
h  an-,  e  cavit7.  *n  ^ie  in-going  currents  of  water,  and  are  driven 
c!  iary  action  along  a  groove  formed  by  the  lower  edges  of 
e  jranchiae  till  they  reach  the  mouth.  No  dental  apparatus 
w,  arT  *md 's  developed,  and  the  mouth  opens  into  a  gullet, 
th  lC1  COn^uc^s  to  a  distinct  stomach.  On  the  right  side  of 
e  stomach,  and  opening  into  it,  is,  in  many  cases,  a  blind 
1  tonta*ning  a  peculiar  transparent  glassy  body,  which  is 
are°UritaS  ^ie  1  crystalline  stylet,”  but  the  functions  of  which 
unknown.  I  his  singular  structure  is  generally  wanting  in 
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the  Monomyary  Bivalves.  The  intestine  is  long  and  coiled, 
and  is  surrounded  by  the  spongy,  brownish,  or  greenish  liver, 
and  bv  the  generative  glands.  In  the  final  part  of  its  course, 
the  intestine  is  situated  dorsally,  and  (except  in  Ostrea,  Anemia, 
Teredo,  and  Area)  perforates  the  ventricle  of  the  heart.  It 
finally  passes  dorsally  to  the  posterior  adductor  muscle  (fv 
266,  r),  and  ends  in  a  distinct  anus,  placed  near  the  point 
where  the  out-going  currents  of  water  are  expelled  from  the 

m  The  heart  ' of  the  Bivalves  (fig.  266  /1)  is  situated  dorsally, 
within  a  membranous  chamber,  which  is  termed  the 1  peri¬ 

cardium”  but  which  is  not  filled  with  blood.  ryPlcall£ ,  the 
heart  consists  of  a  single  central  ventricle  into  which  the  Wood 
is  propelled  by  two  laterally  -  placed  auricles  The  yentn  1 
distributes  the  artenalised  blood  by  means  of  a<?r*  ^ 

the  branches  of  which  open  into  the  lacunae  I >el we en  the 
tissues.  The  venous  blood  ultimately  reaches  the :  gills,  where 
it  is  aerated,  and  the  blood  thus  oxygenated  is  finally  returned 

t0ThearespStory  organs  in  all  the 

of  lamelliform  gills  attached  by  then  bases  to  he  s  les  jrf  the 
lindv  and  hanging  freely  m  the  mantle-cavity  (figs.  -0_, 

26  ttr  “and  266,“?).  Ordinarily  there  are  two  of  these  leaf 
fike' gills  on  each  side  of  the  body,  but  in  some  Bivalves  the 
external  pair  of  branchiae  is  absent.  Each  gill  consists  of  two 
1  ami  me  (an  ascending  and  descending  lamina)  united  along 
thT  free  margin  of  the  gill,  but  slightly  separated  supenorl^ 
Each  lamina  consists  of  hollow  filaments  place  pa 
another  and  running  continuously  from  one  lamina  to  tne 
“h0e r  '  Adjoining  foments  are  kept  in  contact  with  one 
another  by  mean?  of  interlocking  cilia  (“ciliated  J-mtionO 
developed  at  corresponding  points  on  their  sides.  .  ^ 

the  filaments  of  the  descending  lamella  of  the  g  ‘  „ 

nected  with  those  in  the  ascending  lamella  by  means  ° 
cross-bars.  The  blood  circulates  through  the  h° I  TOting 

of  the  branchiae,  which  thus  form  a  kind  of  ciliated  Qr  g 
through  and  over  which  the  water  is  driven. 

As  has  been  already  mentioned,  the  arrangements  for  the 
admission  of  water  to' the  gills,  and  its  expulsion  again  from 
the  mantle  -  cavity,  are  essentially  the  same  m  i  ^ 

i,,  .,n  rncps  the  in-going  current  of  water  enters  tne  1 
chamber*  posteriorly  and  ventrally,  while  the  out-going  current 
escaped  posteriorly  and  dorsally.  In  I rose  Biva  ves wteh 
1  1  CycJ  mintle-lobes  (“  Asiphonate  Bivalves  ),  tne  ape 

for^the  rvater-currents  ale  simply  produced  by  the  apposttton  oi 
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the  hinder  edges  of  the  mantle-lobes  to  each  other.  On  the 
other  hand,  in  those  Bivalves  which  have  the  mantle-lobes 
united  (“Siphonate  Bivalves,”  fig.  264),  the  margins  of  the 
“  inhalant  and  “  exhalant  ”  apertures  are  drawn  out  or  ex¬ 
tended  into  longer  or  shorter  muscular  tubes  or  “siphons.” 
1  he  siphons  may  be  separate,  or  they  may  be  united  to  one 
another  along  one  side,  and  they  can  usually  be  partially  or 
entirely  retracted  within  the  shell  by  means  of  special  muscles, 
called  the  “  retractor  muscles  of  the  siphons.”  These  siphons 
are  more  specially  characteristic  of  those  Lamellibranchs  which 
spend  their  existence  buried  in  the  sand,  protruding  their  re¬ 
spiratory  tubes  in  order  to  obtain  water,  and  with  it  such 
nutrient  particles  as  the  water  may  contain.  As  has  been 
previously  seen,  the  presence  or  absence  of  retractile  siphons 
can  be  readily  determined  merely  by  inspection  of  the  dead 
shell. 

I  he  kidney  or  “nephridium”  of  the  Bivalves  is  usually 
spoken  of  as  the  “  organ  of  Bojanus,”  and  has  the  form  of  an 
elongated  double  sac,  of  which  there  is  one  on  each  side, 
pjlaced  just  below  the  pericardium,  and  separated  by  a  venous 
sinus.  1  he  upper  portion  of  the  “organ  of  Bojanus”  is  non- 
glandular,  and  opens  into  the  pericardium ;  while  its  lower 
portion  is  glandular,  and  gives  origin  to  a  duct  which  opens 
into  the  mantle-cavity  posteriorly,  often  along  with  the  ducts 
of  the  generative  glands. 

Ihe  nervous  system  consists  of  the  three  normal  pairs  of 
ganglia,  the  “cerebral,”  “pedal,”  and  “  parietosplanchnic  ” 
or  visceral  ”  ganglia.  The  “cerebral”  ganglia  are  placed 
one  on  either  side  of  the  mouth,  often  at  some  distance  from 
one  another;  the  “  pedal  ”  ganglia  are  placed  in  the  substance 
°u  i,e  ^oot’  a  little  above  its  ventral  margin  anteriorly ;  and 
t  e  ‘  parietosplanchnic  ”  ganglia  are  usually  amalgamated  to 
lorrn  a  bilobed  mass,  which  is  situated  on  the  ventral  face 
0  the  posterior  adductor  muscle.  The  principal  organs  of 
sense  are  the  tactile  labial  palpi,  otocysts,  and  eye-spots.  The 
otocysts,  when  present,  are  placed  below  the  gullet ;  and  the 
ocelli  (which  are  often  wanting)  are  generally  situated  round 
the  margins  of  the  mantle-lobes. 

Ihe  majority  of  the  Bivalves  are  dioecious,  but  a  few  forms 
'  strea,  Perteti ,  Cyc/as,  &c.,)  have  the  sexes  united  in  the 
same  individual.  The  generative  glands  are  usually  in  the 
orm  of  lobed  or  racemose  glands,  more  or  less  closely  united 
'v>t  the  hepatic  glands,  and  surrounding  the  intestine  or 
ex*ndmg  into  the  foot.  The  ducts  of  the  generative  organs 
ei  er  join  the  ducts  of  the  “organ  of  Bojanus,”  or  open 
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separately  in  the  immediate  neighbourhood  of  the  nephridial 
pores.  The  impregnated  ova  are  commonly  hatched  within 
the  pallial  chamber  of  the  parent,  and  the  embryos  are  otten 
retained  therein,  until  development  has  become  considerably 
advanced.  Except  in  the  fresh -water  Lamellibranchs,  the 
embryo  generally  exhibits  a  “  trochosphere  ”  stage,  having  a 

well-developed  ciliated  ring,  or  “velum  ” 
(fig.  267),  by  means  of  which  it  swims 
about  actively. 

The  habits  of  the  Lamellibranchiata 
are  very  various.  Some,  such  as  the 
Oyster  ( Ostrea),  and  the  Scallop  ( Pecten ), 
habitually  lie  on  one  side,  the  lower 
,  „  , ,  valve  being  the  deepest,  and  the  foot 
Lovl'J  being  wanting,  or  rudimentary.  The 
former  is  fixed  by  the  substance  of  the 
valve,  but  the  latter  swims  by  rapidly 
opening  and  closing  the  shell.  Others,  such  as  the  Mussel 
( Mytilus)  and  the  Pinna,  are  attached  to  some  foreign  object 
by  a  “byssus.”  Others  are  fixed  to  some  solid  body  by  the 
substance  of  one  of  the  valves.  Many  such  as  the  Myas 
spend  their  existence  sunk  in  the  sand  of  the  sea-shore  01  1 
the  mud  of  estuaries.  Others,  as  the  Pholades  and  Lithodomi , 
bore  holes  in  rock  or  wood,  in  which  they  live,  finally,  many 
are  permanently  free  and  locomotive.  . 

The  Lamellibranchiata  may  be  divided  into  two  sections, 
according  as  respiratory  siphons  are  absent  or  present,  as 

f°  Subclass  A  Asiphonida.  —  Animal  without  respiratory 
siphons  ;  mantle  -  lobes  free;  pallial  line  simple  and  not  in¬ 
dented  (Integropallialia).  ...  • 

The  principal  families  included  in  this  section  are  the 
Ostreidl  A  via/ /idee,  Mytilidce,  Area  dee,  Tr/gomadee,  and 
Unionidce. 

The  Ostreidee  (including  the  Oysters,  Scallops,  Anomic,  Thorny  Oysters, 
A ”  «»  mark,  and  L  manmnyary.  The  AvmM*. 

idJ( Fresh -water  Mussels)  are  exclusively  confined  to  rivers  and  lake  . 

Sub-class  B.  Siphonida.— Animal  with  respiratory  siphons; 

mantle-lobes  more  or  less  united.  . 

Two  subdivisions  are  comprised  in  tins  section.  In 
first  the  siphons  are  short,  and  the  pallial  line  is  simple  (lute* 
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ropa/lia/ia)  as  is  seen  in  the  families  C ha /n idee,  Hippuritidce , 
Tndacmdce,  Cardiadez ,  Lucinidee,  Cycladidce ,  and  Cyprinidce. 

I  he  second  subdivision  ( Sinupalhalia )  is  distinguished  by 
the  possession  of  long  respiratory  siphons ,  and  a  sinuated  pal- 
lial  line ,  and  it  comprises  the  families  Veneridce,  Mac tr idee, 
Ttlhnidie ,  Solenidce ,  Myacidce,  Anatinidie ,  Gastrochcenidce,  and 
Pholadidce. 

The  Chamidcz  (Thorny  Clams)  are  fixed  to  foreign  bodies  by  the  sub¬ 
stance  of  either  valve  indifferently,  and  are  all  inhabitants  of  the  sea 
The  extraordinary  extinct  group  of  the  Hippuritida,  from  the  fossils  asso¬ 
ciated  with  them,  are  known  to  have  been  also  marine  ;  and  they  are  often 
found  in  great  beds  like  Oysters,  attached  to  one  another  and  to  foreign 
objects  by  the  beak  of  the  right  valve.  The  Tridacnidcz  (Giant  Clams) 
have  a  similar  habitat,  and  the  shell  may  attain  a  weight  of  five  hundred 
pounds.  The  Cardiadee  (Cockles)  and  Lucinidee  are  also  marine,  as  are 
the  Cypnnidtz ;  but  the  Cycladidce  are  fresh-water  and  brackish-water 
forms.  The  Veneridce  (Clams)  are  amongst  the  most  beautiful  of  the  Bi¬ 
valves,  and  are  found  in  all  seas,  attaining  their  maximum  in  warm  regions 
I  he  Mactndcz  (Trough -shells)  and  Tellinidce  are  mostly  marine,  though 
also  found  in  brackish  waters  ;  and  the  Solenidce  (Razor-shells),  Myacidcz 
and  Anaimidtz  are  essentially  marine,  though  some  of  the  Myacidcz  extend 
their  range  for  a  considerable  distance  above  the  mouths  of  rivers.  The 
Gaslrochcenidcz  are  all  natives  of  the  sea,  and  have  a  burrowing  habit,  bor- 
lng  holes  for  habitation  in  rocks,  or  living  in  the  mud.  Lastly,  the  Phola¬ 
didce  (Piddocks  and  Ship-worms)  bore  holes  in  stone  or  wood,  in  which 
they  live,  and  are  all  marine  in  habit.  The  Ship-worms  ( Teredo )  have 
long  worm-like  bodies,  and  do  an  immense  amount  of  harm  by  honey¬ 
combing  with  their  burrows  the  sides  of  ships,  or  other  wooden  structures 
immersed  in  the  sea. 


As  regards  their  distribution  in  time ,  the  Lamellibranchs  are 
a  very  ancient  group,  the  earliest  representatives  of  the  class 
being  found  in  the  Cambrian  rocks.  Upon  the  whole,  the 
Asiphonate  Bivalves  are  more  characteristically  Palaeozoic, 
while  those  in  which  the  mantle-lobes  are  united  and  there  are 
respiratory  siphons,  are  principally  found  in  the  Secondary  and 
Tertiary  rocks.  One  of  the  principal  Palaeozoic  groups  is  that 
of  the  Aviculidce,  while  the  Mytilidce  are  also  largely  repre¬ 
sented.  Monomyary  types  appear  in  the  later  portion  of  the 
a  aeozoic  period,  numerous  forms  ( Aviculopecten ,  cvc. )  allied 
W'Ve  recen*:  Scallops  occurring  in  the  Carboniferous  rocks, 
ith  the  commencement  of  the  Secondary  period,  in  the 
nas,  many  old  types  disappear,  and  new  ones  take  their 
tb^rv  -^onornynry  Bivalves  are  now  numerous,  but  among 
e  Dimyary  forms  the  Asiphonate  families  still  predominate. 
0  forms  with  long  retractile  siphons  ( Sinupallialia )  begin 
Wlt  1  a  fe'v  types  in  the  Trias,  and  gradually  become  more 
numerous  as  we  pass  upwards.  The  Veneridce ,  which  are 
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perhaps  the  most  highly  organised  of  tire  groups  of  the 
Lamellibranchs,  appear  for  the  first  time  in  the  Jurassic  rocks, 
and  increasing  in  the  Tertiaries,  have  culminated  m  the 
Recent  period.  The  singular  group  of  the  Hippuntida  is 
exclusively  confined  to  the  Cretaceous  period. 


CHAPTER  XL. 

GASTROPODA,  POLYPLACOPHORA,  AAD 
SCAPHOPODA. 

Division  Encephala,  or  Cephalophora.— ' The  remaining 
three  classes  of  the  Mollusca  all  possess  a  distinctly  differen¬ 
tiated  head,  and  all  are  provided  with  a  peculiar  masticatory 
apparatus,  which  is  known  as  the  “ odontophore.  tor  the 
first  of  these  reasons  they  are  often  grouped  together  under 
the  name  Encephala;  and  for  the  second  reason  they  are 
united  into  a  common  division  under  the  name  of  Odontopiwra 
(Huxley),  or  Glossophora  (Lankester). 

Class  II.  Gastropoda  (or  Gasteropoda). 

The  members  of  this  class  are  Mollusca  with  a  more  or  less 
distinct  head,  and  a  generally  unsym metrical  body.  The  mantle 
is  never  divided  into  two  lobes,  and  the  shell,  when  present,  is 
usually  univalve  {multivalve  in  Cliitomdce).  The  “foot  is  we  t 
developed,  and  usually  has  the  form  of  a  broad  horizontally- 
flattened  ventral  disc,  upon  which  the  animal  creeps.  Earely , 
'the  foot  is  in  the  form  of  a  vertically-fattened,  ventral,  p  ml  ike 

The  body  in  the  Gastropods  is  composed  ot  three  pnncipa 
portions-a  head,  foot,  and  visceral  sac— the  last  of  these 
beiim  more  or  less  completely  protected  by  a  fold  of  t 
dorsal  integument  constituting  the  “  mantle.  Except  in  t  ie 
Chitons,  the  body  is  distinctly  unsymmetrical,  and  the  mantle 
is  never  divided  into  a  right  and  left  lobe,  while  the  visceral 
sac  is  often  coiled  up  spirally.  The  foot  is  typically  in  ti 
form  of  a  broad  flattened  muscular  disc,  developed  upon  tne 
ventral  surface  of  the  body,  and  not  exhibiting  any  distinct 
division  into  parts.  In  the  Heterofoda,  however,  and  in  the 
Wing-shells  ( Strombidce ),  the  foot  exhibits  a  division  into  three 
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portions:  an  anterior,  the  “propodium";  a  middle,  the 
“  mesopodium  ”  ;  and  a  posterior  lobe,  or  “  metapodium.’’ 
In  the  Heteropoda ,  the  foot  is  flattened,  and  forms  a  ventral 
fin,  by  means  of  which  the  animal  swims,  back  downwards. 


1’  is*  26S.  A mpullana  cauahculala ,  one  of  the  Apple-shells.  0  Operculum  ; 
s  Respiratory  siphon. 

In  some,  again,  the  upper  and  lateral  surfaces  of  the  foot 
are  expanded  into  muscular  side-lobes,  which  are  called  “  epi- 
podia.”  In  many  cases  the  metapodium,  or  posterior  portion 
of  the  foot,  secretes  a  calcareous,  horny,  or  fibrous  plate, 
which  is  called  the  “  operculum  ”  (fig.  269,  o),  and  which  serves 
to  close  the  orifice  of  the  shell  when  the  animal  is  retracted 
within  it. 

The  shell  of  the  Gastropods  is  a  secretion  from  the  mantle, 
and  is  always  present  in  the  embryo.  It  is,  however,  wanting 
in  the  adults  of  the  Nudibranchs  and  in  some  other  forms, 
and  it  is  in  other  cases  very  minute,  and  hidden  in  the  mantle 
(as,  for  example,  in  the  Slugs).  From  the  very  general  occur¬ 
rence  of  a  shell  which  is  “  univalve,”  or  composed  of  a  single 
piece,  the  Gastropods  are  commonly  spoken  of  as  the  “  Uni¬ 
valve  Molluscs.”  In  the  Chitons  ( Polyplacophora ) ,  however, 
the  shell  is  “  multivalve,”  and  consists  of  eight  plates  arranged 
!n  a  longitudinal  series.  In  its  chemical  composition  the  shell 
is  composed  of  carbonate  of  lime  (sometimes  in  the  condition 
ofcalcite,  sometimes  in  that  of  aragonite).  Its  inner  layer  is 
0  ten  nacreous,  and  it  grows  by  additions  made  to  its  free 
margin  by  the  muscular  edge  (“collar”)  of  the  mantle,  in 
which  numerous  pigment-glands  are  contained.  Primitively 
t  e  shell  is  covered  with  a  cuticular  horny  layer  (“epi- 
ermis”),  but  this  often  disappears  with  age.  In  many  cases, 
e  mantle  becomes  reflected  over  the  shell,  the  outer  surface 
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of  which  may  thus  become  covered  with  a  layer  of  enamel  (as 

in  the  Cowries).  . 

The  ordinary  univalve  shell  of  the  Gastropods  is  to  be  le- 
garded  as  essentially  a  cone,  the  apex  of  which  is  more  or  less 
oblique.  In  the  simplest  form  of  the  shell,  the  conical  shape 
is  retained  without  any  alteration,  as  is  seen  in  the  common 
Limpet  (Patella).  In  the  great  majority  of  cases,  however, 
the  cone  is  considerably  elongated,  so  as  to  form  a  tube,  which 
may  retain  this  shape  (as  in  Bentalium),  but  is  usually  coiled 
up  into  a  spiral.  The  “  spiral  univalve  ”  (figs.  269,  270)  may, 


Fig 


,  \  cl-ph-Ii  nf -i  Whelk  (Buccinwn  inu/a/iiiii)  in  motion  :  f  Foot  ;  h  Head 

Woodward.) 


in  fact  be  looked  upon  as  the  typical  form  of  the  shell  in  the 
Gastropoda.  In  some  cases  the  coils  of  the  shell  termed| 
technically  the  “whorls”— are  hardly  in  contact  with  one 
another  (as  in  Vermetus).  More  commonly  the  whorls  are  in 
contact,  and  are  so  amalgamated  that  the  inner  side  of  * 
convolution  is  formed  by  the  pre-existing  whorl.  In  some} 
cases  the  whorls  of  the  shell  are  coiled  round  a  central  axis 
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fhe  same  plane,  when  the  shell  is  said  to  be  “  discoidal  ”  (as  in 
the  common  fresh-water  shell  Planorbis).  In  most  cases, 
however,  the  whorls  are  wound  round  an  axis  in  an  oblique 
manner,  a  true  spiral  being  formed,  and  the  shell  becoming 
“turreted  “  trochoid,”  “turbinated,”  &c.  This  last  form  is 
the  one  which  may  be  looked  upon  as  most  characteristic  of 
the  Gastropods,  the  shell  being  composed  of  a  number  of 
whorls  passing  obliquely  round  a  central  axis  or  “columella  ” 
having  the  embryonic  shell  or  “  nucleus  ”  at  its  apex,  and 
having  the  mouth  or  “aperture”  of  the  shell  placed  at  the 
extremity  0f  the  last  and  largest  of  the  whorls,  termed  the 
body-whorl  (tig.  269).  The  lines  or  grooves  formed  by  the 


a  respiratory-  siphon  umellar  hP  >  ^  Outer  l,p  Notch  for  the  passage  of 


junction  of  fhg  whorls  are  termed  the  “sutures”  and  the 

shelf S  TJl°Ve  the  b°dy'whorl  constitute  the  “spire”  of  the 

whorls  6r  T5  °f  the  she11  MumeHa)  round  which  the 
«;  ®  ?re  tco,1,lec  1S  usually  solid,  when  the  shell  is  said  to  be 

said  1^1^ ute  but  11  1S  sometimes  hollow,  when  the  shell  is 

h  0fetlTLfT-ted’’;,aad,:he  aPerture  uf  ™  near  the 

the"  “ir,he  5ielV 1!Tlle,d  ,t,h?  “nmb.Mcus.”  The  margin  of 
Vritreme”  H°f  ^  S  C  Is  termed  tlie  “peristome,”  or 
which  1.  V  IS  COrmp°Sed  °f  an  0lIter  ™d  inner  lip,  of 
When  th  *  mer  ,S  t£n  expanded  or  Ringed  with  spines. 
Place  of  th  expai?si°ns,  or  fnnges  are  periodically  formed,  the 
is  marked  v  m??th  °f  the  sheI1  at  dlfferent.  stages  of  its  growth 
and  are  Ji  ri,d^'s  or  row,f  o{  sPines>  which  cross  the  whorls, 
Gastropods  //,/  /"T/  ,  In  ni0st  °f  the  phytophagous 
is  unbrnk?  1 [Hi  /0S*i ”',a  )  the  aperture  of  the  shell  (fig.  27  7) 
en  \  round  or  “  entire,”  but  in  the  carnivorous  forms 
2  G 
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(, Siphonostomata )  it  is  notched,  or  produced  into  a  canal  (fig. 
269).  Often  there  are  two  of  these  canals,  an  anterior  and  a 
posterior,  but  they  do  not  necessarily  indicate  the  nature  of 
the  food,  as  their  function  is  to  protect  the  respiratory  siphons. 
The  animal  withdraws  into  its  shell  by  a  retractor  muscle, 
which  passes  into  the  foot,  or  is  attached  to  the  operculum  ; 
its  scar  or  impression  being  placed,  in  the  spiral  Univalves, 
upon  the  columella.  In  the  great  majority  of  the  Univalves 


,,,  _ A  Radula  of  the  Whelk  ( Buccinum  nndatum ),  enlarged.  B,  One  row  of  the 

Tincual  teeth  of  CyPrtea  euroftea.  C,  Lingual  teeth  of  Track, is  ctneranus,  showing 
the”  median  row  and  the  teeth  on  one  side  of  this.  D,  Section  of  the  odontophore 
of  a  Gastropod  /  Upper  lip;  l  Lower  lip:  «•  (Esophagus  cut  through  long,  u- 
dinally '  m  One  of  the  horny  mandibles;  r  Radula  or  lingual  ribbon.  n  I?Str- 
end  of  ihe  secreting  sac  in  which  the  radula  is  produced  ;  b  Layer  of  cells  forming 
i  11  Qf  tjie  radula;  c  Cartilaginous  piece  developed  in  the  door  of  the  phar\ 
and  serving  for  the  support  of  the  raduhn  and  for  the  attachment  of  the  muse  es  wWh 
work  it  The  arrow  shows  the  direction  in  which  the  radula  is  moved.  (A,  B,  ana 
C  are  after  S.  P.  Woodward.  D  is  after  Ray  Lankester). 


the  shell  is  coiled  to  the  left,  the  “mouth”  of  the  shell  being 
thus  on  the  right-hand  side  (fig.  270).  In  such  cases  the  she 
is  said  to  be  right-handed  or  “  dextral.”  In  other  cases, 
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however,  the  shell  is  coiled  to  the  right,  and  the  mouth  is  on 
the  left,  and  the  shell  becomes  “  reversed  ”  or  “  sinistral.”  The 
left-handed  spiral  may  be  the  normal  condition  of  the  shell,  or 
it  may  be  only  a  variety  of  a  normally  dextral  form. 

As  regards  their  internal  anatomy,  the  head  of  the  Gastro¬ 
pods  is  usually  very  distinctly  marked  out,  and  is  generally 
provided  with  tentacles  and  eyes.  Very  often,  there  is  an 
e  ongated  retractile  proboscis,  with  ear-sacs,  containing  otoliths, 
at  its  base.  1  he  mouth  opens  at  the  front  of  the  head,  and 
eads  into  a  buccal  cavity  or  pharynx,  into  which  salivary 
glands  pour  their  secretion  (fig.  272,  //).  The  upper  wall  of 


'g  cu'la'r  “?oo?"^m/^°TV,he  StrUCt,Ure  of  a  Gastropod  (<he  Common  Whelk).  /The  mus 
itsbaJ  p  le  °P.ercuhlm  5  '■One  of  the  tentacles,  or  feelers,  with  an  eve  at 

if  Stomach*  /hientPers°?n°eSCItSerm^naUed,-W1rth  m°Uth  at  its  extremity;  oe  Gullet: 

and  the  orary w Oviduct  h  V?  *  Salivary  glands  ;  /The  liver 

the  mantle  -  j-  Breathing  heart ,  The  gill,  contained  in  a  hood  of 

e»  s  Jireatning-tiibe  or  siphon;  c  and  c  The  main  nerve-ganglia. 


Pharynx  very  generally  carries  horny  jaws,  in  the  form 
Dhnr  0  ate?  1}landlbles  or  of  a  median  plate.  Within  the 
as  thi  u  1S.a  so  f°und  the  singular  masticatory  apparatus  known 
of  tu.  0  ontophore  (fig.  271).  This  is  a  tubular  involution 
is  JuL  ?ntral  Slde  of  the  Pharynx  in  the  middle  line,  in  which 
transit  °^i  a  ohhinous  band,  which  is  beset  with  minute 
‘<1:  ers<-‘  y-arranged  teeth,  and  is  known  as  the  “radula”  or 
bUal  ribbon  ”  (fig.  271,  D).  The  arrangement  of  the  teeth 


MANUAL  OF  ZOOLOGY. 


468 

differs  greatly  in  different  cases,  but  they  are  usually  disposed 
in  a  principal  median  series,  flanked  by  two  or  more  lateral 
rows  (fig.  271,  A,  B,  C);  and  their  form  and  disposition  are 
so  constant  as  to  afford  one  of  the  most  valuable  aids  to  the 
classification  of  the  Gastropods.  The  radula  is  supported  in 
front  by  a  cartilaginous  cushion  (fig.  271,  D,  c )  developed  in 
the  floor  of  the  pharynx,  and  this  cushion  can  be  brought 
forward  or  retracted  by  special  muscles.  In  this  way  the 
radula  can  be  made  to  act  like  a  file,  rasp,  or  chain-saw.  In 
other  cases,  the  whole  sac  in  which  the  lingual  ribbon  is  con¬ 
tained  can  be  made  by  muscular  action  to  move  backwards 
and  forwards  over  its  supporting  cushion.  The  wear  and  tear 
of  the  radula  in  front  is  compensated  for  by  the  continued 
growth  of  the  hinder  end  of  the  ribbon  in  its  secreting  sac. 

The  gullet  leads  into  a  well-marked  stomach  (fig.  272,  g), 
and  the  intestine,  which  is  often  long  and  much  coiled,  ter¬ 
minates  by  a  distinct  anus,  which  is  usually  placed  anteriorly 
on  the  right  side  of  the  neck.  In  the  Chitons  the  aperture 
of  the  anus  is  posterior.  There  is  usually  a  large  and  well- 
developed  liver,  the  lobes  of  which  surround  the  intestine  (fig. 
272,  /),  and  occupy  the  upper  part  of  the  visceral  sac. 

The  heart  of  the  Gastropods  (fig.  272,  /i)  is  situated  dorsally, 
and  consists  of  an  auricle  and  ventricle,  or  of  two  auricles  and  * 
a  ventricle,  enclosed  in  a  pericardial  chamber.  The  aerated  .  1 
blood  from  the  gills  is  returned  into  the  auricle,  and  driven 
into  the  ventricle,  from  which  arise  the  great  systemic  vessels. 
The  arteries  appear  to  usually  terminate  in  lacunar  blood- 
spaces  between  the  tissues,  but  in  other  cases  capillary  vessels 
are  stated  to  intervene  between  the  arteries  and  veins. 

Respiration  is  variously  effected  ;  the  members  of  one  great 
section  ( Branchiogastropoda)  being  constructed  to  breathe  air 
dissolved  in  water,  while  in  another  division  ( Pulmogas t ropod a ) 
the  respiration  is  aerial.  In  the  former  division,  respiration  may 
be  effected  in  several  ways.  Firstly,  there  may  be  no  specialised 
respiratory  organ,  the  blood  being  simply  exposed  to  the  water 
in  the  thin  walls  of  the  mantle-cavity  (as  in  some  of  the  Hetero- 
poda).  Secondly,  the  respiratory  organs  may  be  in  the  form 
of  outward  processes  of  the  integument,  exposed  in  tufts  on 
the  back  and  sides  of  the  animal  (as  in  the  Nudibranchwta). 
Thirdly,  the  respiratory  organs  may  have  the  form  of  pectinated 
or  plume-like  branchiae,  contained  in  a  more  or  less  complete 
branchial  chamber  formed  by  an  inflection  of  the  mantle  (fig. 
272,  be).  In  many  members  of  this  last  section  the  water 
obtains  access  to  the  gills  by  means  of  a  tubular  prolongation 
or  folding  of  the  mantle,  forming  a  “siphon”  (fig.  268,  s)t 
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the  effete  water  being  expelled  by  another  posterior  siphon 
similarly  constructed. 

The  number  of  gill-plumes  differs  in  different  groups.  In 
most  cases  there  is  only  a  single  branchial  plume,  placed  on 
the  right  side  of  the  neck;  in  other  cases  an  additional  gill 
is  present  on  the  left  side;  and  in  other  forms,  again  (e.g. 
Patella ),  the  gills  are  multiple  and  are  arranged  in  a  circle. 
Lastly ,  in  tire  I  ulmonate  Gastropods  the  breathing-organ  is  a 
pulmonary  chamber,  formed  by  an  inflection  of  the  mantle 
the  walls  of  which  are  richly  supplied  with  blood,  while  air  is 
admitted  to  its  interior  by  a  distinct  aperture.  A  transition 
between  the  Branchiate  and  Pulmonale  groups  is  effected  by 
forms  like  Ampullaria ,  in  which  gills  are  present,  but  the  walls 
of  the  mantle-cavity  are  in  parts  highly  vascular,  and  are  thus 
adapted  for  aerial  respiration. 

The  kidney  of  the  Gastropods  corresponds  with  the  “  or°-an 
of  Bojanus  ”  of  the  Bivalves,  but  is  usually  single  (a  pair*  of 
kidneys  exist  in  Patella).  It  is  a  lamellar  or  spongy  sac,  placed 
near  the  heart,  and  opening  internally  into  the  pericardium  • 
the  external  opening  of  its  duct  being  placed  in  the  mantle- 
cavity  in  the  neighbourhood  of  the  anus. 

I  he  nervous  system  of  the  typical  Gastropods  consists  of 
three  principal  pairs  of  ganglia  so  arranged  as  to  form  a  double 
circum-oesophageal  ring.  The  cerebral  ganglia  are  connected 
by  a  commissure  above  the  gullet,  and  give  off  two  lateral 
commissures  on  each  side.  One  of  these  commissures  goes  to 
ie  pedal  ganglion  on  each  side ;  the  other  goes  to  a  second 
laterally-placed  ganglion,  which  belongs  to  the  group  of  the 
viscera  or  “  parietosplanchnic  ”  ganglia,  and  which  is 
termed  the  “pleural”  ganglion.  The  two  pleural  ganglia  are 
connected  by  commissures  with  the  pedal  ganglia,  and  are 
„  S°  connected  with  one  another  by  a  long  posteriorly  directed 
'iscera  commissure,  upon  which  ganglia  are  commonly 

I6,  AS  regards  sense"organs,  there  are  usually  two 
>es,  which  are  commonly  situated  at  the  summit  or  base  of  a 

1?  ceP  iallc  tentacles.  Two  auditory  sacs  (otocysts)  are 
Th  1  ^  P,ref.en*:’  an<^  are  Placed  close  to  the  pedal  ganglia, 
l  ien  CepLhahc  tentacles  are  the  principal  organs  of  touch, 
rii; ,/j  1  -ei^  ex'sts  °n  the  front  of  the  visceral  sac  a  peculiar 
hPu  e  ,sin£  e  or  double  organ  (“Spengel’s  organ”),  which  is 
eved  to  have  an  olfactory  function. 

j-r.-  le  typical  Gastropods  ( Prosobranchiata )  have  the  sexes  in 
atp  f  Cn  lnd*viduals ;  but  the  Opisthobranchiate  and  Pulmon- 
arp  orms  are  monoecious.  In  these  latter,  the  ovary  and  testis 
usual  y  combined  to  form  a  common  generative  gland 
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(“hermaphrodite  gland”).  In  addition  to  the  oviduct  (which 
is  often  dilated  into  a  “  uterus  ”)  and  the  vagina,  there  are 
usually  appended  to  the  female  organs  an  “albumen  gland” 
and  a  “  receptaculum  seminis.”  The  male  organs  consist  in 
general  of  a  testis,  vas  deferens,  vesicula  seminalis,  and  a 
distinct  penis. 

A  few  Gastropods  retain  the  eggs  within  the  uterus  until 
they  are  hatched  ;  but  the  majority  are  oviparous.  The  eggs 
are  often  laid  in  the  form  of  a  string  or  band  (“  nidamental 
ribbon  ”)  ;  or  they  may  be  enclosed  in  horny  capsules  (as,  for 
example,  in  the  common  Whelk,  fig.  269,  C).  The  young, 
when  first  hatched,  are  provided  with  an  embryonic  shell, 
which  in  the  adult  may  become  concealed  in  a  fold  in  the 
mantle,  or  may  be  entirely  lost.  In  the  common  spiral  Uni¬ 
valves  the  embryonic  shell  remains  at  the  summit  of  the  spire 
as  the  “nucleus”  of  the  adult  shell.  In  the  branchiate  Gas¬ 
tropods  the  embryo  (fig.  261)  is  protected  by  a  small  nautiloid 
shell,  and  passes  through  a  “veliger”  stage,  swimming  freely 
by  means  of  a  ciliated,  often  lobed  “velum.”  Among  the 
Pulmonate  Gastropods,  those  which  are  strictly  terrestrial  pass 
through  no  metamorphosis,  the  “  velum  ”  being  absent  in  the 
embryo. 


CHAPTER  XLI. 

DIVISIONS  OF  THE  GASTROPODA. 

The  Gastropoda  are  divided  into  two  primary  sections  or  sub¬ 
classes,  according  as  the  respiratory  organs  are  adapted  for 
breathing  air  directly  or  dissolved  in  water :  termed  respec¬ 
tively  the  Pulmonata,  Pit //non  if  era,  or  Pul/nogastropoda,  and 
the  Branchiata,  Branchifera,  or  Branchiogastropoda. 

Sub-class  A.  Branchiata  or  Branchiogastropoda. — In 
this  sub-class  respiration  is  aquatic ,  effected  by  the  thin  walls 
of  the  mantle-cavity,  by  external  branchial  tufts,  or  by  pectin¬ 
ated  or  plume-like  gills  contained  in  a  more  or  less  complete 
branchial  chamber. 

This  sub-class  comprises  three  orders — viz.,  the  Prosobranch- 
iafa,  the  Opisthobranchiata ,  and  the  Heteropoda. 

Order  I.  Prosobranchiata. — The  members  of  this  order 
are  Gastropods  in  which  the  gills  are  situated  in  front  of  the 
heart,  and  the  auricle  is  placed  in  front  of  the  ventricle.  The 
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gills  are  typically  plume-like,  and  are  lodged  in  a  branchial 
chamber  formed  by  a  fold  of  the  mantle.  The  foot  is  large 
and  adapted  for  creeping,  and  the  sexes  are  distinct. 

1  he  order  Prosobranchiata  includes  the  most  characteristic 
members  of  the  Branchiate  Gastropods,  and  is  divisible  into 
two  principal  sections,  termed  respectively  Siphonostomata  and 
Holostomata,  according  as  the  aperture  of  the  shell  is  notched 
or  produced  into  a  canal,  or  is  simply  rounded  and  “entire.” 

1  he  Siphonostomata,  of  which  the  common  Whelk  ( Buccinum 
undatum,  fig.  269)  may  be  taken  as  an  example,  are  all  marine, 
and  are  mostly  carnivorous  in  their  habits.  The  mouth  of 
the  shell  is  notched  in  front,  or  is  produced  into  a  canal,  for 
the  lodgment  of  a  “  siphon  ”  or  fold  of  the  mantle,  by  which 
water  is  introduced  into  the  branchial  chamber  (fig.  274). 


ostomata ,  but  with 
the  shell  -  mouth 
channelled. 


The  following  families  are  comprised  in  this  section  :  Strom- 
fidce  (Wing-shells),  Muricidas,  Buccinid*  (Whelks),  Conidce 
(Cones),  Vol at  idee,  and  Cypraida  (Cowries). 

The  Holostomata,  of  which  the  common  Periwinkle  (ditto- 
ri>ia  littorea )  is  a  good  example,  are  either  spiral  or  limpet- 
snaped,  the  aperture  of  the  shell  being  in  most  cases  entire 
273)-  Bi  some  forms  (e.g.,  in  Centhium,  fig.  275)  the 
aperture  of  the  shell  is  channelled  in  front.  They  are  mostly 
p  ant-eaters,  and  they  may  be  either  marine  or  inhabitants  of 
resh  water.  The  following  families  are  included  in  this  sec- 
lon .  Naticidie,  Pyra midelhdce,  Centhiadce,  Melaniadce,  Tur- 
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ntellida ,  Littorinidce  (Periwinkles),  Paludinida  (River-snails), 
Nentida ,  Turbinidce  (Top-shells),  Haliotidce  (Ear-shells),  Fis- 
surellidce ,  (Key-hole  Limpets),  Calyptrceidce  (Bonnet  Limpets) 
and  Pateilidce  (Limpets). 

Order  II.  Opisthobranchiata. — ' The  members  of  this 
order  are  Gastropods  in  which  the  branchiae  are  situated  be-  :: 
hind  the  heart,  and  the  auricle  is  behind  the  ventricle  of  the  i 
heart.  The  gills  are  not  usually  contained  in  a  special  branch¬ 
ial  chamber,  and  are  commonly  more  or  less  exposed  to  view. 
The  shell  is  wanting  or  present,  being  in  the  latter  case  often 
rudimentary.  The  sexes  are  united  in  the  same  individual. 

The  Opisthobranchiata ,  or  “  Sea-slugs,”  may  be  divided  into 
two  sections,  the  Pcctibrauchiata  and  Nudibranchiata ,  accord-  i 
ing  as  the  branchiae  are  protected  or  are  uncovered. 

1  he  first  section,  that  of  the  Tectibranchiata ,  is  distinguished 
by  the  fact  that  the  animal  is  usually  provided  with  a  shell, 
both  in  the  larval  and  adult  state,  and  that  the  branchiae  are 
piotected  by  the  shell  or  by  the  mantle.  Under  this  section 
are  included  the  families  of  the  Tornatellida ,  Bullidce  (Bubble- 
shells),  Aplysiadce  (Sea-hares),  Pleurobranchidas,  and  Phylli- 
diadce. 

In  the  second  section,  that  of  the  Nudibranchiata  (fig.  276), 

the  animal  is  destitute  of  a  shell, 
except  in  the  embryo  condition, 
and  the  branchiae  (rarely  absent,  1 
as  in  Limapontia  and  Rhodope)  are 
always  placed  externally  on  the 
back  or  sides  of  the  body.  This  i 

Fig.  27S—  Nudibranchiata.  zws®cti.on  comprises  the  families 
johnstoni,  one  of  the  Sea-lemons.  DoridlC  (Sea  -  leiUOUs),  TritoniadlE, 

sEolidce,  Phyllirhoidce,  and  Elysi-  j 
adce.  Specimens  of  the  Sea  slugs  and  Sea-lemons  may  at  any  j 
time  be  found  creeping  about  on  sea-weeds,  or  attached  to  the 
under  surface  of  stones  at  low  water.  The  head  is  furnished  1 
with  tentacles,  which  appear  to  be  rather  connected  with  the 
sense  of  smell  than  to  be  used  as  tactile  organs ;  and  behind 
the  tentacles  are  generally  two  eyes.  Locomotion  is  effected, 
as  in  the  true  Slugs,  by  creeping  about  on  the  flattened  foot. 

Order  III.  Heteropoda  (Nucleobranchiata).  —  The 
members  of  this  group  are  pelagic,  free-swimming  Gastropods, 
in  which  the  foot  is  converted  into  a  vertically-flattened  fin- 
like  organ.  The  head  is  large,  and  bears  a  pair  of  highly- 
developed  and  movable  eyes.  The  sexes  are  distinct. 

The  Heteropoda  are  pelagic  in  their  habits,  and  are  found 
swimming  at  the  surface  of  the  sea.  'They  are  to  be  regarded 
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as  the  most  highly  organised  of  all  the  Gastropoda ,  at  the 
same  time  that  they  are  not  the  most  typical  members  of  the 
class.  Some  of  them  can  retire  completely  within  their  shells, 
closing  them  with  an  operculum  ;  but  most  have  large  bodies! 
and  the  shell  is  either  small  (fig.  277)  or  entirely  wanting. 


Fig.  277.-Heteropoda.  ■  CarinaHa  cymbucm.  /  Proboscis;  ,  Tentacles;  b  Branch!*; 
s  onell ,  J  £  oot ,  a  Disc.  (After  Woodward.) 


They  swim  by  means  of  a  flattened  ventral  fin,  or  by  an  elon¬ 
gated  tail,  and  adhere  at  pleasure  to  sea-weed  by  a  small 
sucker  situated  on  the  side  of  the  fin.  These  organs  are 
merely  modifications  of  the  foot  of  the  ordinary  Gastropods  : 

the  fin-llke  tnil  hpinrr  tKfl  It  j: _  J)  /  ^  .  .  3 


the  fin-like  tail  being  the  “metapodium” (as "shown Ty its' 

Occasional  V  rprmnrr  . \  .  1  ,  .  J  . 


occasionally  carrying  an  operculum),  the  sucker  being'  the 
mesopodium,  and  the  ventral  fin  being  a  modified  “  pro- 
podium.  I  he  “  epipodia  ”  are  apparently  altogether  wanting. 
Respiration  is  sometimes  carried  on  by  distinct  branchiae,  but 
m  many  cases  these  are  wanting,  and  the  function  is  performed 
simply  by  the  walls  of  the  pallial  chamber  1 

J}hCJfet7-f°de\  arf  divided  int0  the  two  families  Firolida 
and  At/antida,  the  former  characterised  by  having  a  small 
shell  covering  the  circulatory  and  respiratory  organs,  or  by 

devein"0  S'ie  at  alli  whdst  in  the  latter  there  is  a  well 
d  veloped  shell  into  which  the  animal  can  retire,  and  an 
operculum  is  often  present. 

thRUB"kCLlASS  ]l'  ,PULM0NATA  0r  PULMOGASTROPODA.  —  In 
c  '  ;!Jb'ClaSS  of.tl'e  Gastropoda  respiration  is  aerial ,  and  is 
ch/mt  °n  an  inflection  of  the  mantle,  forming  a  pulmonary 

t’l  JCr  lnto  u  Vch  air  Emitted  by  an  external  aperture, 
mie  sexes  are  united  in  the  same  individual. 

Pnnri  Pul,m0noata  include  the  ordinary  Land-snails,  Slugs, 
devpi"Snt'  Si  I'V0-’,  and  are  usual|y  provided  with  a  well- 
Sluvs^mbf  K  1’  ti10uSi1  this  may  be  rudimentary  (as  in  the 
ugs).  1  hough  formed  to  breathe  air  directly,  many  of  the 
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members  of  this  sub-class  are  capable  of  inhabiting  fresh  i 
water.  The  common  Pond-snails  are  good  examples  of  these 
last.  The  condition  of  the  shell  varies  greatly.  Some,  such 
as  the  common  Land-snails,  have  a  well-developed  shell,  within  i 
which  the  animal  can  withdraw  itself  completely.  Others, 
such  as  the  common  Slugs  (fig.  27S),  have  a  rudimentary  shell, 
which  is  completely  concealed  within  the  mantle. 

The  head  is  well  developed,  and  carries  two  or  four  ten¬ 


tacles.  The  eyes  are  sometimes  situated  at  the  base  of  the  1 
tentacles,  as  in  the  Pond-snails.  In  the  Land-snails,  on  the 
other  hand,  in  which  there  are  four  tentacles,  the  hinder  pair 
of  feelers  are  long  and  retractile,  and  carry  the  eyes  at  their 
tips.  The  mouth  usually  carries  superiorly  an  unpaired  horny 
jaw ;  and  a  radula  is  present.  The  opening  of  the  pulmonary 
chamber  is  placed  on  the  right  side  of  the  neck  (under  cover 
of  the  shell  in  the  Land-snails),  and  the  openings  of  the  anus 
and  kidney  are  close  beside  it.  The  generative  apertures  are 
also  placed  on  the  right  side  of  the  neck,  but  further  forward. 

In  most  of  the  Pulmonates  ( Inoperculata )  the  foot  does  not  l 
produce  an  operculum,  but  many  of  such  forms  close  the 
mouth  of  the  shell  during  periods  of  torpidity  with  a  tempor¬ 
ary  curtain  (“  epiphragm  ”)  of  hardened  mucus,  in  which  a 
little  lime  is  sometimes  deposited.  The  Inoperculate  Pul¬ 
monates  comprise  the  families  of  the  Helicidee  (Land-snails), 
Limacidce  (Slugs),  Oncidiadce,  Limnceidce  (Pond-snails),  and 
A 11  rind  idee. 

On  the  other  hand,  in  the  two  families  of  the  Cyclostomidee 
and  Aciculidce — hence  called  Operculata  —  the  foot  produces 
a  horny  operculum.  The  Cyclostomidce  are,  however,  often 
regarded  as  being  really  referable  to  the  Holostomatous 
section  of  the  Prosobranchiate  Gastropods. 

Distribution  of  the  Gastropoda  in  Space. — As  a  class, 
the  Gastropoda  have  a  world-wide  range,  some  forms  being 
exclusively  marine,  others  inhabiting  fresh  waters,  while  others, 
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again,  live  upon  the  land.  Amongst  the  Prosobranchiates ,  the 
entire  order  of  the  Siphonostomata ,  and  the  majority  of  the 
Holostomata ,  are  marine ;  but,  amongst  the  latter,  the  Mela¬ 
nia  die  and  Pal ud i n idee  are  confined  to  fresh  waters,  and  the 
Centhiadce  and  Nentidce  include  a  number  of  fresh  or  brackish 
water  forms.  I  he  Opisthobranchiates  are  exclusively  marine, 
mostly  littoral  in  their  habits,  but  occasionally  oceanic.  The- 
Heteropoda  are  exclusively  marine  and  pelagic.  Lastly, 
amongst  the  Pulmonates  many  forms  (such  as  the  Snails  and 
Slugs)  are  strictly  terrestrial,  whilst  others  ( Limncea ,  Planorbis, 
Ancylus,  & c.)  are  found  in  fresh  or  brackish  waters. 

Distribution  of  the  Gastropoda  in  Time. — The  Gas¬ 
tropoda  are  represented  in  past  time  from  the  Upper  Cambrian 
rocks  up  to  the  present  day.  Of  the  Branchiata  the  Holosto- 
viata  are  the  characteristic  Gastropods  of  the  Palaeozoic 
period,  the  Siphonostomata  not  being  certainly  represented  in 
rocks  eailier  than  the  I  rias,  and  not  attaining  their  maximum 
till  the  present  day.  I  he  place  of  the  carnivorous  Siphonosto¬ 
mata  in  the  Palaeozoic  seas  appears  to  have  been  filled  by  the 
Tetrabranchiate  Cephalopods.  1  he  Branchiate  Gastropods 
of  flesh  water  are  chiefly  represented  as  fossils  by  the  genera 
Melania,  Paludina ,  Valvata,  and  Ampullaria. 

Ihe  Heteropoda  are  of  very  ancient  origin,  having  com¬ 
menced  their  existence  in  the  lowest  Ordovician  deposits. 
The  genera  Bellerophon ,  Cyrtolites ,  and  Maclurea  are  ex¬ 
clusively  Palaeozoic ;  Bellerophina  is  found  in  the  Gault 
(Secondary),  and  Carinana  has  been  detected  in  the 
Tertiaries. 

Ihe  Pulmonate  Gastropoda ,  as  was  to  be  anticipated,  are 
not  found  abundantly  as  fossils,  occurring  chiefly  in  lacustrine 
and  estuarine  deposits,  in  which  the  genera  Limncea,  Physa, 
nc)/us,  iS:c.,  are  amongst  those  most  commonly  represented, 
p  ese,  however,  are  entirely  Mesozoic  and  Kainozoic.  In  the 
akeozoic  period  the  sole  known  representatives  of  the  Pul- 
monatajxxz  certain  species  of  Pupa ,  Dawsonella,  and  Zonites, 
which  have  been  detected  in  the  Carboniferous  rocks. 


POLYPLACOPHORA. 

The  little  group  of  the  Chitons  may  be  here  considered 
pj  7  as  a  special  division  of  Molluscs,  to  which  the  name  of 
o yplacophora  may  be  given.  The  Chitons  have  generally 
.,een  regarded  as  an  aberrant  group  of  the  Gastropods,  but 
they  differ  from  the  latter  in  the  fact  that  the  body  is  laterally 
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symmetrical,  no  distinct  head  is  present,  there  are  no  differenti¬ 
ated  cerebral  ganglia,  and  the  shell  is  composed  of  eight  cal¬ 
careous  plates  arranged  in  a  longitudinal  series  along  the  dorsal 
surface. 

The  Chitons  have  an  elongated,  worm-like,  bilaterally 
symmetrical  body,  with  the  mouth  at  the  anterior  end, 
surrounded  by  a  circlet  of  tentacles  (fig.  279,  t ),  and  the  anus 
at  the  hinder  end  ol  the  body.  The  upper  surface  of  the 
mantle  secretes  a  “multivalve”  shell  (fig.  279,  B),  composed 


of  eight  transverse 
imbricated  plates, 
which  succeed  one  an¬ 
other  from  before  back¬ 
wards,  and  are  embed¬ 
ded  in  the  leathery  or 
fibrous  border  of  the 
mantle,  which  may  be 
plain,  or  may  be  beset 
with  bristles,  spines,  or 
scales.  The  foot  forms 
a  creeping  disc,  and 
the  gills  are  numerous, 
(fig.  279,  g),  and  are 
contained  in  an  imper¬ 
fect  pallial  chamber 
or  groove  between  the 
margins  of  the  foot  and 
the  edge  of  the  mantle. 


t 


a 


A 


B 


Fig.  279. — A,  Under  surface  of  a  species  of  Chiton 
(after  Cuvier):  t  Fringe  of  tentacles  round  the  mouth 
(o)  ;  or  Branchiae  ;  f  Under  surface  of  foot ;  a  Anus. 
B,  Shell  of  Chiton  sqnamosus ,  reduced  one -half. 
(After  S.  P.  Woodward.) 


There  is  no  distinct  head,  nor  are  tentacles  developed.  The 
nervous  system  consists  of  an  oesophageal  ring  which  gives  off 
branches  backwards,  but  the  cerebral,  pedal,  and  parieto- 
splanclmic  ganglia  are  not  developed ;  though  a  pair  of  small 
sub-pharyngeal  ganglia  (“  buccal  ganglia  ”)  are  present.  The 
“radula”  is  present,  and  the  kidneys  and  generative  ducts  are 
paired. 

The  Chitons  are  all  inhabitants  of  the  sea,  and  have  an 
especial  zoological  interest  as  forming  a  connecting-link 
between  the  Molluscs  and  the  Worms.  They  present,  in 
particular,  points  of  relationship  with  the  genus  Chcetoderma, 
which  has  usually  been  included  among  the  Gephyrean 
Worms.  Geologically  speaking,  the  Chitonida  are  a  very 
ancient  group,  representatives  of  the  family  appearing  as  early 
as  the  Devonian  period. 


SCAPHOPODA  :  PTEROPODA. 
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The  little  group  of  the  Tooth-shells  {Dentaliidce)  may  also 
be  shortly  considered  here,  as  a 
special  division  of  Molluscs  (Scafho- 
poda)  in  some  respects  intermediate 
between  the  Lamellibranchs  and  the 
Gastropods,  with  points  of  relation¬ 
ship  to  the  Pteropods.  The  animal 
in  Den ta Hum  (fig.  280)  is  bilater¬ 
ally  symmetrical,  and  is  enclosed  in 
a  continuous  mantle,  which  secretes 
a  tubular  shell,  which  is  open  at 
both  ends.  From  the  large  anterior 
aperture  of  the  shell  is  protruded 
the  foot,  and  a  circle  of  tentacles 
surrounding  the  mouth,  but  there  is 
no  distinct  head.  The  oral  tentacles 
appear  to  discharge  a  respiratory 
function,  but  there  are  no  specialised 
branchite,  nor  is  a  definite  heart  pres¬ 
ent.  1  he  nervous  system  is  of  the 
Molluscan  type  ;  the  kidneys  are 
paired;  the  sexes  are  distinct;  and 
the  pharynx  is  furnished  with  a 
radula. 

Dentalium  and  its  allies  ( Siphono - 
dentalium  and  Entalium )  are  exclu¬ 
sively  marine,  and  are  found  burrow- 
lr>g  in  the  sand  in  shallow  water 
The  M'iq'.ity  °r  t|,e  Scaphopoda  as  a  zoological  group  is  very 

.hf  bevo„?a",erockksn0'Vn  *******  "> 


F lg.  280. — Dentalium  vulgare , 
of  the  natural  size,  with  the 
oral  tentacles  protruded  from 
the  anterior  opening  of  the 
shell  (after  Lacaze-Duthiers). 
In  its  natural  position  the  an¬ 
terior  extremity  of  the  animal 
is  buried  obliquely  in  the  sand, 
and  the  small  pointed  end  pro¬ 
jects  upwards  into  the  water. 


CHAPTER  XLII. 

PTEROPODA. 

!wfS  P™poda.  -  The  Pteropods  are  free  and 

t  0  Uscs\  wlthout  a  definite  head ,  and  having  the  lateral 

lih  WJlS- ° t'ri  f°0t  eP*P°dla  ”)  developed  into  a  pair  of  win?- 
pns.  The  sexes  are  united  in  the  same  individual \ 
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The  “  Winged  Snails  ”  or  Pteropods  are  of  small  size,  and 
are  found  swimming  near  the  surface  of  the  open  ocean,  often 
in  vast  numbers.  They  are  related  on  the  one  hand  to  the 
Gastropoda ,  and  on  the  other  hand  to  the  Cephalopoda.  There 
is  no  distinctly  differentiated  head,  and  the  mouth  is  placed 
anteriorly  in  the  centre  of  the  fore-part  of  the  foot.  The 
lateral  parts  of  the  foot  (“epipodia”)  are  developed  into  a 
pair  of  wing-like  fins  (fig.  281,  e),  by  means  of  which  the 


Fig.  281.  —  Pteropoda.  .A ,  Spirialis  rostralis.  B,  Pneumodermon  violaceuvt .  C, 
Hcterofusus  buliininoides.  All  enlarged,  e  Epipodia  or  fins;  t  Tentacles.  P, 
Larva  of  Cleodora  lanceolata ,  greatly  enlarged  (after  Fol):  v  Velum  ;  o  Mouth; 
ir  Gullet;  g  Stomach  ;  i  Intestine  ;  m  Columellar  muscle  ;  s  Shell  ;  u  Yolk-sac. 


animal  swims  actively,  and  which  correspond  morphologically 
with  the  “funnel”  of  the  Cephalopods.  The  hind  part  of 
the  foot  (“metapodium”)  is  rudimentary,  but  in  some  cases 
develops  an  operculum  ( Limaciuidce ).  The  anterior  extrem¬ 
ity  of  the  body  also  may  be  furnished  with  tentacular  processes, 
which  in  some  cases  are  provided  with  suckers  (e.g.,  in  Pneu¬ 
modermon,  fig.  281,  B). 

The  mantle  is  sometimes  rudimentary  in  the  adult  ( Gy  mho - 
so/nata),  in  which  case  the  body  is  naked,  and  is  not  protected 
by  a  shell.  In  other  forms  ( Thecosomata )  the  mantle  is  well 
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developed  and  secretes  a  shell,  which  is  usually  symmetrical 
in  form,  calcareous  or  chitinous  in  composition,  and  very 
delicate  in  texture.  I  he  shell  most  commonly  consists  of  a 
dorsal  and  ventral  plate  united  (figs.  282,  283),  or  it  may  be 


Fig-  282.  Pteropoda.  a  Cleodora  Pyramidata ; 
b  Cuvieria  columnclla.  (After  Woodward.) 


J 


Fig.  283. — Hyalca  trident  at  a,  show¬ 
ing  the  shell  and  the  lateral  fins 
attached  to  the  sides  of  the  head 


rolled  into  a  spiral  (fig.  281,  A  and  C),  which  may  be  flat  or 
oblique. 

The  pharynx  in  the  Pteropods  is  furnished  with  a  radula 
and  the  termination  of  the  alimentary  canal  is  usually  placed 
anteriorly  and  on  the  right  side  of  the  body.  The  heart 
consists  of  an  auricle  and  ventricle,  and  the  circulation  is 
lacunar.  1  he  respiratory  organs  are  rudimentary,  not  con¬ 
sisting  of  distinct  branchiae,  but  sometimes  represented  by 
ciliated  folds  of  the  mantle  placed  within  a  branchial  cavity. 

,  he  kldney  ls  llke  that  of  the  majority  of  the  Gastropods  in 
being  unpaired,  and  it  communicates  internally  with  the  peri¬ 
cardial  sac,  and  externally  with  the  pallial  chamber,  or  with 
he  exterior  surface  of  the  body.  The  nervous  system  is  of 
the  same  general  type  as  that  of  the  Gastropods,  and  there  is 
a  pair  of  otocysts  ;  but  the  eyes  are  rudimentary  or  absent 

the  f  teropods  are  all  hermaphrodite,  and  the  young  pass 
through  a  metamorphosis,  having  at  first  a  ciliated  “velum” 
attached  to  the  sides  of  the  head  (fig.  281,  D). 

The  Pte?-opoda  are  divided  into  two  orders,' termed  Thecoso- 
ma  a  and  Gymnosomata  ;  the  former  characterised  by  possess¬ 
ing  an  external  shell  and  an  indistinct  head;  the  latter  by 
eing  evoid  of  a  shell,  and  by  having  a  distinct  head,  with 
hns  attached  to  the  neck. 


_  The  Pteropoda,  as  already  said,  are  found  swimming  near 
ne  surface  in  the  open  ocean,  and  they  are  found  in  all  seas 
om  t  ie  tropics  to  within  the  arctic  circle,  sometimes  in  such 
umbers  as  to  discolour  the  water  for  many  miles.  They  are 
octurnal  in  their  habits,  and,  minute  as  they  are,  they  con- 
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stitute  in  high  latitudes  one  of  the  staple  articles  of  diet  of 
the  whale.  They  themselves  are,  in  turn,  carnivorous,  feeding  j 
upon  small  Crustaceans  and  other  diminutive  animals.  Though  1 
all  the  living  forms  are  small,  geology  leads  us  to  believe  that 
there  formerly  existed  comparatively  gigantic  representatives  of 
this  class  of  the  Mollusca. 

Distribution  of  Pteropoda  in  Time. — The  Pteropods 
are  not  largely  represented  in  fossiliferous  deposits,  but  they 
have  a  wide  range  in  time,  extending  from  the  Upper  Cambrian 
rocks  up  to  the  present  day.  The  Hyolithes  (Theca)  and  Con- 
u/aria  of  the  Palaeozoic  period,  if  truly  Pteropods,  are  of  com¬ 
paratively  gigantic  size.  Both  commence  their  existence  in 
the  Ordovician  or  Upper  Cambrian,  and  the  former  is  entirely 
Palaeozoic.  The  genus  Conularia,  however,  extends  into  the 
Mesozoic  period,  and  is  found  in  the  Liassic  rocks.  The 
Silurian  fossils  which  form  the  genus  Tentaculites,  though  often 
referred  to  the  Tubicolar  Annelides,  appear  to  belong  without 
doubt  to  the  Pteropoda.  The  recent  genus  Styliola  is  stated 
to  occur  in  the  Silurian  rocks.  Hardly  any  forms  of  the 
Pteropoda  have  been  certainly  recognised  as  occurring  in  the 
Secondary  rocks,  but  various  recent  genera,  such  as  Hyalea 
(fig.  283),  C/eodora,  and  Cuvieria ,  are  represented  in  the 
Tertiary  period. 


CHAPTER  XL  1 1 1. 

CEPHALOPODA. 

Class  IV.  Cephalopoda. — The  members  of  this  class  are  1) 
bilaterally  symmetrical  Molluscs ,  with  a  large  head ,  and  having  * 
the  body  enclosed  in  a  muscular  mantle.  The  fore-part  of  the  j 
foot  is  split  up  into  eight  or  more  muscular  processes  or  “  arms  ’  I 
which  surround  the  mouth  ;  while  the  epipodia  are  well  developed ,  1 
and  fve  rise ,  by  apposition  or  fusion ,  to  a  muscular  tube  (“  fun -  \ 
nel")  through  which  the  effete  sea  ter  of  respiration  is  expelled,  j 
One  or  two  pairs  of  gills  are  contained  within  the  pallia/  sac,  : 
and  the  sexes  are  always  distinct. 

The  Cephalopoda ,  comprising  the  Cuttle  -  fishes,  Pearly  1 
Nautilus,  &c.,  constitute  the  most  highly  organised  of  the 
classes  of  the  Mollusca.  They  are  all  marine  and  carnivorous, 
and  are  possessed  of  considerable  locomotive  powers.  At  the  1 
bottom  of  the  sea  they  can  walk  about,  head  downwards,  by  | 
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means  of  the  arms  which  surround  the  mouth,  and  whicli 
are  usually  provided  with  numerous  suckers  or  “  acetabula.” 
They  are  also  enabled  to  swim,  partly  by  means  of  lateral 
expansions  of  the  integument  or  fins  (not  always  present),  and 
partly  by  means  of  the  forcible  expulsion  of  water  through  the 
tubular  “  funnel,”  the  reaction  of  which  causes  the  animal  to 
move  in  the  opposite  direction. 

The  majority  of  the  living  Cephalopods  are  naked,  possess¬ 
ing  only  an  internal  skeleton,  and  this  often  a  rudimentary 
one;  but  the  female  Argonaut  (Paper  Nautilus),  and  the 
Pearly  Nautilus,  are  protected  with  an  external  shell,  though 
the  nature  of  this  is  extremely  different  in  the  two  forms. 
r  The  integument  in  all  the  Cephalopods  except  the  Pearly 
Nautilus  is  furnished  with  a  layer  of  peculiar  cells  known  as 
“chromatophores.”  These  are  large-sized  cells,  filled  with 
brightly-coloured  pigment-granules,  and  having  attached  to 
their  walls  minute  radiating  bundles  of  muscular  fibres.  By 
the  contraction  of  these  the  chro- 
matophore  is  dilated,  while  on 
relaxation  of  these  the  cell  re¬ 
sumes  its  original  form  in  virtue 
of  its  own  elasticity.  By  this 
peculiar  mechanism  the  Cuttle¬ 
fishes  can  adapt  their  colours  to 
their  surroundings,  and  can  rapid¬ 
ly  change  their  tints. 

The  body  in  the  Cephalopoda  is 
bilaterally  symmetrical,  and  the 
cephalic  region  ( prosoma )  is  con¬ 
spicuously  marked  out,  and  is  sepa¬ 
rated  from  the  visceral  region  {me- 
tasomd),  which  is  enclosed  in  the 
mantle.  The  mantle-cavity  is  sit¬ 
uated  on  the  under  side  of  the 
body,  when  the  animal  is  placed 
m  its  natural  position.  The  head 
js  very  distinct,  bearing  a  pair  of 
arge  globular  eyes,  and  having 
me  mouth  in  its  centre.  The  _ _ 

mouth  is  surrounded  by  a  circle  — Cephalopoda.  ScpioiaAt- 

0f  eight  tpn  /-11-  lanticn ,  one  of  the  Cuttle-fishes, 

ml  b  ’  tG  ’  I110re’  l0n§  nlUS-  (After  Woodward.) 

cuiar  processes,  or  “arms”  (fig. 

L4  ’  whlch  are  generally  provided  with  rows  of  stalked 
essi  e  suckers.  Each  sucker,  or  “  acetabulum,”  consists 
a  cup-shaped  cavity,  the  muscular  fibres  of  which  con- 
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verge  to  the  centre,  where  there  is  a  little  muscular  emi¬ 
nence  or  papilla.  When  the  sucker  is  applied  to  any  surface, 
the  contraction  of  the  radiating  muscular  fibres  depresses 
the  papilla  so  as  to  produce  a  vacuum  below  it,  and  in 
this  way  each  sucker  acts  most  efficiently  as  an  adhesive 
organ.  In  some  forms  ( Decapoda )  the  base  of  the  papilla, 
or  piston,  is  surrounded  by  a  horny  dentated  ring,  and  in 
some  others  (as  in  Onychoteuthis)  the  papillae  are  produced 
into  long  claws.  In  the  Octopod  Cuttle-fishes  there  are 
only  eight  arms,  and  these  are  all  nearly  alike.  In  the 
Decapod  Cuttle-fishes  there  are  ten  arms,  but  two  of  these 
— called  “tentacles” — are  much  longer  than  the  others,  and 
bear  suckers  only  at  their  extremities,  which  are  enlarged  and 
club-shaped.  In  the  Pearly  Nautilus  the  arms  are  numerous 
and  are  devoid  of  suckers,  but  it  is  not  clear  that  these  are 
really  homologous  with  the  “arms”  of  the  Cuttle-fishes. 

In  all  the  Cuttle-fishes,  the  mouth  is  placed  in  the  centre  of 
the  “  foot,”  and  it  is  by  a  splitting  up  of  the  margins  of  the  1 
foot  into  long  muscular  processes  that  the  “arms”  are  pro¬ 
duced.  The  arms  are  always  symmetrically  arranged  in  a 
dorsal,  a  ventral,  and  two  lateral  pairs ;  and  the  “  tentacles 
(when  present)  are  placed  on  the  ventral  surface,  between  the 
3d  and  4th  pairs  of  arms.  The  tentacles  may  or  may  not  be 
retractile  into  pouches  placed  below  the  eyes,  and  their  length 
may  be  many  times  greater  than  that  of  the  body.  They  are 
organs  of  prehension  ;  and  the  arms  are  in  addition  employed 
by  the  animal  in  locomotion,  enabling  it  to  creep  along  the 
sea-bottom  head  downward. 

In  all  the  Decapod,  and  in  some  of  the  Octopod  forms,  the 
sides  of  the  body  are  produced  into  muscular  expansions  or 
fins  (figs.  284  and  291),  with  which  the  animal  swims  head 
foremost.  In  all  the  Cephalopods,  also,  the  lateral  margins 
of  the  foot  (“  epipodia  ”)  are  either  placed  in  apposition 
{Nautilus)  or  are  actually  united  (Cuttle-fishes),  in  such  a 
manner  as  to  form  a  muscular  tube,  known  as  the  “  funnel.’ 
The  funnel  (fig.  285,/)  is  placed  on  the  lower  surface  of  the 
body,  with  its  anterior  extremity  projecting  beyond  the  mantle, 
while  it  opens  behind  into  the  pallial  chamber.  It  serves  for 
the  elimination  of  the  water  which  has  been  used  in  respira¬ 
tion,  and  the  out-going  currents  also  carry  away  with  them  the 
excretions  of  the  kidneys  and  of  the  ink-sac,  together  with  the 
faxes.  By  the  contractions  of  the  mantle,  the  water  con¬ 
tained  in  the  pallial  sac  can  also  be  driven  through  the  funnel 
in  a  succession  of  jets,  driving  the  animal  backwards  through 
the  water. 
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I  he  mouth  leads  into  a  muscular  buccal  cavity  or  pharynx 
(hg.  285,  ph\  containing  two  powerful  mandibles,  working 
vertically,  resembling  the  beak  of  a  parrot  in  shape,  and  either 
horny  (as  in  the  Cuttle¬ 


fishes),  or  partially  calca 
reous  in  composition  (as 
in  Nautilus).  The  buccal 
cavity  contains  a  toothed 
tongue  or  “  radula,”  and 
conducts  by  a  gullet,  into 
which  salivary  glands  pour 
their  secretion,  to  a  capa¬ 
cious  stomach  (fig.  285, 
s),  to  which  a  capacious 
caecum  is  usually  append¬ 
ed.  I  he  intestine  (fig. 
285,  in)  is  short,  and  the 
anal  opening  is  placed  at 
the  base  of  the  funnel. 
A  large  and  well -devel¬ 
oped  liver  (/)  is  present. 
In  the  Cuttle-fishes  there 
is  also  a  special  glandular 
organ,  the  “  ink-bag  ”  (fig. 
,285>  i)>  which  secretes  an 
inky  fluid,  which  the  ani¬ 
mal  can  discharge  into  the 
water,  so  as  to  facilitate 
its  escape  when  menaced 
or  pursued.  The  duct  of 
the  ink-bag  opens,  along 
with  the  intestine,  at  the 
base  of  the  funnel;  but  this 
apparatus  is  entirely  want- 
lng  i°  the  Tetrabranchiate 
Cephalopods. 

I  he  kidneys  (fig.  286, 
r  r)  are  paired,  and  have 
the  form  of  spongy  sacs 
developed  upon  the  venae 
cavae,  and  communicating 
with  the  pericardial  sac 


H  S'/p  m  °f  ?'!e  s,tructure  of  a  Cuttle- 
^  Cl'  P  Tyn,*’  w,th  the  ^ny  mandibles  : 
*z  Salivary  glands  ;  <r  (Esophagus  ;  i  Stomach  ; 
c  Oastnc  caecum  ;  ut  Intestine  ;  l  Liver  ■  « 
&h*eeal  nerve-collar;  g  0ne  of  the  gills, 
with  the  branchial  heart  at  its  base  ;  i  Ink-bag 
its  duct  opening  along  with  the  intestine  and 
generative  duct  at  the  base  of  the  funnel ;  ov 
Ovary  ;  d  Oviduct  (the  nidamental  and  acces¬ 
sory  glands  are  omitted) ;  /  Funnel  ;  /  Pen 
lying  in  the  mantle  dorsally. 


The  circulatory  organs 

S~a  centraI  vfntricle,  into  which  the  aerated  blood  from 
g  s  1S  poured  by  two  laterally-placed  auricles  (fig.  286. 
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dd),  developed  upon  the  branchial  veins  where  they  leave  the 
branchiae.  In  Nautilus,  in  which  there  are  four  gills,  there 
are  four  auricles.  The  blood  finds  its  way  from  the  arteries 
to  the  veins  mostly  through  the  intervention  of  a  system  of 
capillaries,  but  also  by  means  of  sinuses  and  lacunae  among 
the  tissues.  The  two  great  trunks  (“branchial  arteries”) 
which  carry  the  venous  blood  to  the  gills  are  further  pro¬ 
vided,  in  the  Cuttle-fishes,  with  special  contractile  dilatations,  i 
situated  one  at  the  base  of  each  branchia,  and  known  as  the 
“branchial  hearts”  (fig.  286,  e  e).  These  structures  are  want¬ 
ing  in  Nautilus. 


The  respiratory  organs  are  in  the  form  of  two  (Cuttle-fishes) 
or  four  ( Nautilus )  plume-like  gills,  placed  symmetrically  on  the 
sides  of  the  body  within  the  pallial  sac.  The  gills  (fig.  286,  b  b) 
consist  each  of  a  central  stem,  bearing  finely-divided  lateral 
vascular  lamince ;  and  as  they  are  not  ciliated,  the  necessary 
respiratory  currents  are  maintained  by  the  alternate  contrac¬ 
tions  and  expansions  of  the  muscular  walls  of  the  mantle-sac. 
In  each  expansion  the  water  finds  its  way  into  the  pallial 
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chamber  by  the  opening  between  the  rim  of  the  mantle  and 
the  neck ,  and  in  each  contraction  it  is  expelled  through  the 
tube  of  the  funnel,  which  is  so  constructed  as  to  allow  of  the 
egress  but  to  prevent  the  ingress  of  the  water. 

The  central  nervous  system  consists  of  the  three  normal 
pairs  of  ganglia  the  cerebral,  pedal,  and  visceral  or  parieto- 
splanchnic  but  these  are  aggregated  to  form  an  oesophageal 
collar  (tig  2S5,  n ).  The  organs  of  sense  are  a  pair  of  large  and 
very  highly-developed  eyes,  and  a  pair  of  auditory  sacs.  The 
great  oesophageal  nerve-collar  is  protected  by  a  cartilaginous 
plate,  which  foreshadows  the  cranium  of  the  Vertebrata ;  this 
also  sends  out  prolongations  which  strengthen  and  defend  the 
eye.-d  the  auditory  chambers  are  excavated  in  its  substance. 

I  he  sexes  in  all  the  Cephalopoda  are  in  different  individuals, 


extern .11|CS  ^e!'na'es  generally  being  more  or  less  unlike 
onen  •  J'  1  In  1  Hs  order  the  ducts  of  the  generative  organs 
P  n  into  the  pallial  chamber,  at  the  base  of  the  funnel ;  and 
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each  individual,  besides  the  essential  organs  of  reproduction 
(testis  or  ovary),  generally  possesses  accessory  glands  ;  those 
of  the  female  (“nidamental  glands”)  secreting  a  viscid  mate¬ 
rial  which  unites  the  eggs  together,  whilst  those  of  the  male 
coat  the  spermatozoa,  and  aggregate  them  into  peculiar  worm¬ 
like  filaments,  from  six  to  eight  lines  in  length,  termed  “sper- 
matophores,”  or  the  “moving  filaments  of  Needham.”  The 
spermatophore  is  filled  with  spermatozoa,  and  possesses  the 
power  of  expanding  when  moistened,  rupturing,  and  expelling 
the  contained  spermatozoa  with  considerable  force.  During 
the  congress  of  the  sexes  the  male  transfers  the  spermatophores 
to  the  pallial  chamber  of  the  female,  true  intromission  not 
being  possible,  but  the  mode  in  which  this  transference  is 
effected  differs  in  different  cases,  and  is  not  universally  known. 

In  the  males  of  many  of  the  Cuttle-fishes,  one  of  the  arms  is 
peculiarly  modified,  and  is  said  to  be  “  hectocotylised,”  but  the 
extent  to  which  this  modification  is  carried  differs  in  different 
cases,  and  it  is  not  always  the  same  arm  in  different  species 
which  is  thus  affected.  In  some  cases  the  “hectocotylised 
arm  is  little  altered  from  its  ordinary  form,  and  though  the 
alteration  be  primarily  sexual,  the  arm  is  not  certainly  known 
to  play  any  part  in  the  reproductive  process.  In  other  cases, 
again,  such  as  Octopus  carena  (fig.  287),  Tremoctopus  violaceus 
(fig.  288,  b),  and  Argonaut  a  argo  (fig.  288,  a),  the  “  hectocoty¬ 
lised  ”  arm  is  the  efficient  agent  in  the  impregnation  of  the 
female.  It  is,  in  these  forms,  longer  and  thicker  than  the 
other  arms,  and  possesses  posteriorly  a  sac  which  is  filled  with 
spermatophores.  During  the  reproductive  act  the  “  hectoco¬ 
tylised  ”  arm  is  actually  detached  by  the  male,  and  deposited, 
with  its  freight  of  spermatophores,  within  the  pallial  chamber 
of  the  female.  When  thus  detached  (fig.  2S8,  b),  it  is  capable 
of  independent  movement,  and  when  first  found  in  this  free 
condition  within  the  mantle-cavity  of  the  temale  Argonaut,  it 
was  regarded  as  a  parasitic  worm.  Cuvier  gave  the  name  of 
“  Hectocotylus  Octopodis”  to  it,  under  this  belief  as  to  its 
nature.  Hence  the  name  of  “hectocotylus”  (in  allusion  to 
the  suckers  which  it  carries)  is  still  applied  to  the  detached 
arm  ;  whereas  the  arm,  if  not  detached,  is  simply  said  to  be 
“  hectocotylised.” 

In  those  cases  in  which  the  hectocotylised  arm  is  not  de¬ 
tached,  it  is  asserted  by  Steenstrup  that  it  is  employed  by  the 
male  in  the  direct  transference  of  the  spermatophores  to  the 
pallial  chamber  of  the  female ;  though  it  is  still  uncertain  how 
the  spermatophores  find  their  way  from  the  seminal  ducts  to 
the  sac  in  the  interior  of  the  arm. 
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The  eggs  of  the  Cuttle-fishes  are  enclosed,  singly  or  many 
together,  in  special  capsules,  which  are  generally  attached  in 
bunches  to  some  foreign  body.  The  ovum  undergoes  partial 


F‘S'Pnt»i  "  Male  °{  .Arg°”auia  "rgo,  with  the  hectocotylised  arm  still  contained  in  its 
•  /*(•  tlnjes  enlarged  (after  H.  Muller);  b  Hectocotylus  of  Tremoc- 
topus  violaceus.  (After  Kolhker.) 


segmentation,  as  in  Birds  and  Reptiles,  and  the  unsegmented 
embry11  °f  ^  y°lk  ^  §radually  absorbed  by  the  growing 


The  shell  of  the  Cephalopoda  is  sometimes  external,  some¬ 
times  internal.  The  internal  skeleton  (fig.  289)  is  known  as 
the  cuttle-bone,  “  sepiostaire,”  or  “  pen  ”  (gladius),  and  may 
De  either  corneous  or  calcareous.  In  some  cases  it  is  rendered 
complexly  the  addition  of  a  chambered  portion  or  “  phrag- 
macone  ”  which  is  to  be  regarded  as  a  visceral  skeleton  or 
splanchnoskeleton.”  In  Spirula  (fig.  289,  c)  the  phragma- 
t-one  is  the  sole  internal  skeleton,  and  is  coiled  into  a  spiral, 
i  1(j  coi  s  of  which  lie  in  one  plane,  and  are  near  one  another, 
out  not  in  contact.  It  thus  resembles  the  shell  of  the  Pearly 
auti  us,  but  it  is  interna /,  and  differs,  therefore,  in  this  respect 
oin  t  ie  external  shell  of  the  latter,  though  resembling  it  in 
me  tact  that  the  last  chamber  lodges  part  of  the  viscera.  The 
sh  n  1Vin^  Cephalopods  which  are  provided  with  an  external 
vrC  .-,are/  tbe  PaPer  Nautilus  ( Argonauta )  and  the  Pearly 
au  1  us  {Nautilus  pompilius) ;  but  not  only  is  the  structure 
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of  the  animal  different  in  each  of  these,  but  the  nature  of  the 
shell  itself  is  entirely  different.  The  shell  of  the  Argonaut 
(fig.  290)  is  involuted,  but  is  not  divided  into  chambers,  and 
it  is  secreted  by  the  webbed  extremities  of  two  of  the  dorsal 


Fig.  289.  —a  Internal  Skeleton  of  Sepia  ornata;  b  Pen  of  H istioteuthis  Boncllia.ua 
c  Shell  (“  phragmacone  ”)  of  Spirilla  fragilis ;  d  Animal  of  Spirilla  Peronii. 

arms  of  the  female.  The  arms  are  bent  backwards,  so  as  to  I 
allow  the  animal  to  live  in  the  shell,  but  there  is  in  reality  no  :: 
organic  connection  between  the  shell  and  the  body  of  the  i 
animal.  In  fact,  the  shell  of  the  Argonaut,  being  confined  to  1 
the  female,  and  serving  by  its  empty  apex  as  a  receptacle  for  f. 
the  ova,  may  be  looked  upon  as  a  “  nidamental  shell,”  or,  as  1 
it  is  secreted  by  a  modified  portion  of  the  foot,  it  may  more  1 
properly  be  regarded  as  a  “pedal  shell.”  The  shell  of  the 
Pearly  Nautilus  (fig.  295),  on  the  other  hand,  is  a  true  pallial 
shell,  and  is  secreted  by  the  body  of  the  animal,  to  which  it 
is  organically  connected.  It  is  involuted,  but  it  differs  from 
the  shell  of  the  Argonaut  in  being  divided  into  a  series  of 
chambers  by  shelly  partitions  or  septa,  which  are  pierced  by  a 
tube  or  “  siphuncle,”  the  animal  itself  living  in  the  last  cham¬ 
ber  only  of  the  shell. 
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CHAPTER  XLIV. 

DIVISIONS  OF  THE  CEPHALOPODA. 

Ihe  Cephalopoda  are  divided  into  two  extremely  distinct 
and  well-marked  orders,  termed  the  Dibranchiata  and  Tcira- 
branchiata.  The  former  comprises  all  the  true  Cuttle-fishes  ; 
whilst  the  latter,  though  abundantly  represented  in  past  time, 
has  no  other  living  representative  than  the  Pearly  Nautilus 
alone. 

Order  I.  I)ibranchi ata. — The  members  of  this  order  of 
the  Cephalopoda  are  characterised  as  being  swimming  animals , 
almost  invariably  naked ,  with  never  more  than  eight  or  ten  arms, 
iv/ihli  are  always  provided  with  suckers.  There  are  two  branchiae, 
ivhich  are  furnished  with  branchial  hearts;  an  ink-sac  is  always 
present ;  the  funnel  is  a  complete  tube,  and  the  shell  is  internal, 
or,  if  external,  is  not  chambered. 

The  Cuttle-fishes  are  rapacious  and  active  animals,  swim¬ 
ming  freely  by  means  of  the  jet  of  water  expelled  from  the  fun¬ 
nel.  Ihe  arms  constitute  powerful  offensive  weapons,  being 
excessively  tenacious  in  their  hold,  and  being  sometimes  pro¬ 
vided  with  a  sharp  claw  in  the  centre  of  each  sucker.  They 
are  mostly  nocturnal  or  crepuscular  animals,  and  they  some¬ 
times  attain  to  a  great  size.  They  may  be  divided  into  two 
sections,  Octopoda  and  Decapod  a,  according  as  they  have  simply 
eight  arms,  or  eight  arms  and  two  additional  “tentacles.” 

Section  A.  Octopoda. — The  Cephalopods  comprised  in 
this  section  are  distinguished  by  the  possession  of  not  more 
than  eight  arms,  which  are  provided  with  sessile  suckers.  The 
shell  is  absent  or  rudimentary;  in  one  instance  only  (the 
female  Argonaut)  external.  The  body  is  short  and  bursiform, 
and  ordinarily  without  fins. 

This  section  comprises  the  two  families  of  the  Argonautidce 
and  the  Octopodidce.  In  the  former  of  these  there  is  only  the 
single  genus  Argonauta  (the  Paper  Sailor,  or  the  Paper  Nau- 
1  us),  m  which  the  female  and  male  differ  greatly  from  one 
another.  The  female  Argonaut  (fig.  290)  is  protected  by  a 
nn  single-chambered  shell,  in  form  symmetrical  and  involuted, 

ic  1  is  secreted  by  the  webbed  extremities  of  the  dorsal  arms, 
ut  is  not  attached  in  any  way  to  the  body  of  the  animal.  It 
ism  its  shell  with  the  funnel  turned  towards  the  keel,  and 
e  webbed  arms  applied  to  the  shell.  The  male  Argonaut  is 
Uc  1  smaller  than  the  female  (less  than  an  inch  in  length), 
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and  is  not  protected  by  any  shell.  The  third  left  arm  of  the 
male  (fig.  288)  is  developed  in  a  cyst,  and  ultimately  becomes 
a  “  hectocotylus,”  and  is  deposited  by  the  male  in  the  pallial 
chamber  of  the  female. 

In  the  Octopodidce  (or  Poulpes)  there  are  eight  arms, 
all  similar  to  one  another,  and  united  at  the  base  by  a 

web.  There  is  an  in¬ 
ternal  rudimentary  shell, 
represented  by  two  short 
styles  encysted  in  the 
substance  of  the  mantle 
(Owen).  The  body  is 
seldom  provided  with 
lateral  fins.  The  third 
right  arm  of  the  male  is 
primarily  developed  in  a 
cyst,  and  ultimately  be¬ 
comes  “  hectocotylised.” 

Section  B.  Decapo- 
da.  —  The  Cephalopods 
of  this  section  have  eight 
arms  and  two  additional 
“  tentacles,”  which  are 
much  longer  than  the 
true  arms,  are  retractile, 
and  have  expanded  club- 
shaped  extremities  (fig. 
291).  The  suckers  are 
pedunculated  ;  the  body 
is  always  provided  with 
lateral  fins,  and  the  shell 
is  always  internal. 

This  section  comprises  the  three  living  families  of  the 
Teuthidce,  Sepiadce ,  and  the  Spirulidce ,  and  the  extinct  family 


Fig.  290 .—Argonauta  argo,  the  “Paper  Nauti¬ 
lus,  female.  The  animal  is  represented  in  its 
shell,  hut  the  webbed  dorsal  arms  are  separated 
from  the  shell,  which  they  ordinarily  embrace. 


of  the  Belemnitidcc. 

The  family  of  the  Teuthidce  comprises  the  Calamaries  or 
Squids  (fig.  291),  characterised  by  the  possession  of  an  elon¬ 
gated  body  with  lateral  fins.  The  shell  (fig.  289,  b)  is  internal 
and  horny,  consisting  of  a  median  shaft  and  of  two  lateral 
wings;  it  is  termed  the  “gladius”  or  “pen,”  anti  in  old  speci¬ 
mens  several  may  be  found  lodged  in  the  mantle,  one  behind 
the  other.  In  the  common  Calamary  ( Loligo )  the  fourth  left 
arm  of  the  male  is  metamorphosed  towards  its  extremity  to 
subserve  reproduction. 

In  the  family  of  the  Sepiadce  the  internal  shell  (fig.  289,  a)  is 
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calcareous  (“cuttle-bone”  or  “ sepiostaire  ”),  and  is  in  the 
form  of  a  broad  plate,  having  an  imperfectly-chambered  apex. 
The  broad  laminated  plate  is  extremely  light  and  spongy,  and 
the  chambered  apex  is  called  the  “mucro.”  In  the  living 


g*nrHin  A’  1H  C?™mon  Calamary  {Loligo  vulgaris),  reduced  in  sire  :  a  One  of  the 
the  «  Y  armS  '  c  °nie  °f  the  ,loI?Ser  arms  or  “tentacles.”  U,  Skeleton  or  “pen  ”  of 
nrkSam\°ne-f0U?h  "atural  Slze  (after  Woodward).  C,  Side  view  of  one  of  the 
from  P’r  W1"?  th.e  h°tny  hooks  surrounding  the  margin.  D,  View  of  the  head 
anTthe  fu°nnelS(/rne  ^  ^  ^  armS  and  tl--''tacles  (/),  the  mouth  (m), 


members  of  the  family  the  body  (fig.  292)  is  provided  with 
•°nS  lateral  fins,  sometimes  as  long  and  as  wide  as  the  body 
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In  the  singular  family  of  the  Spirit  lidce  the  internal  skeleton 
(fig.  293)  is  in  the  form  of  a  nacreous,  discoidal  shell,  the 
whorls  of  which  are  not  in  contact  with  one  another,  and  which 

/ 


Fig.  292. — Sepia  elegans ,  viewed  dor- 
sally,  and  showing  the  long  lateral 
fins. 


Fig.  293. — Anatomy  of  Spir¬ 
it  ia  australis  (after  Owen), 
showing  the  position  of  the 
skeleton. 


is  divided  into  a  series  of  chambers  by  means  of  partitions  or 
septa  which  are  pierced  by  a  ventral  tube  or  “siphuncle.” 
The  body  is  provided  with  minute  lateral  fins,  and  the  arms 
have  six  rows  of  small  suckers.  The  shell  of  the  Spirilla —  1 
commonly  known  as  the  “  post-horn  ” — is  similar  in  structure 
to  the  shell  of  the  Nautilus ,  but  it  is  lodged  in  the  posterior 
part  of  the  body  of  the  animal  (fig.  293),  and  is  therefore  inter-  1 
nal,  whereas  the  shell  of  the  latter  is  external.  It  really  corre-  1 
sponds  to  the  “  phragmacone  ”  of  the  Belemnite.  Though  the 
shell  occurs  in  enormous  numbers  in  certain  localities,  a  single 
perfect  specimen  of  the  animal  is  all  that  has  been  hitherto 
obtained.  In  its  internal  anatomy,  Spirilla  is  a  true  Dibran- 
chiate.  It  has  the  peculiar  feature  that  the  hinder  end  of  the 
body  forms  a  kind  of  suctorial  disc,  apparently  employed  to 
moor  the  animal  to  foreign  bodies.  The  beaks  are  not  calcified. 
The  retractor  muscles  of  the  funnel  (m)  spring  from  the  inner 
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surface  of  the  last  chamber  of  the  shell  (as  in  Nautilus)-,  and  this 
chamber  also  lodges  the  hinder  termination  of  the  liver  (Owen). 

In  the  extinct  family  of  the  Belem- 
nitidce ,  our  knowledge  is  chiefly  con¬ 
fined  to  the  hard  parts.  Certain 
specimens,  however,  have  been  dis¬ 
covered,  which  show  that  the  Belem- 
nite  had  essentially  the  structure  of 
a  Cuttle  -  fish,  such  as  the  recent 
Calamary.  The  body  was  provided 
with  lateral  fins;  the  arms  were  eight, 
furnished  with  horny  hooks,  with  two 
“tentacles”;  and  probably  the  mouth 
was  provided  with  horny  mandibles. 


An  ink-bag  was  present.  The  inter¬ 


nal  skeleton  of  a  Belemnite  (fig.  294) 
consists  of  a  chambered  cone — the 
“  phragmacone  the  septa  of  which 
are  pierced  by  a  marginal  tube  or 
“siphuncle.”  In  the  last  chamber 
of  the  phragmacone  is  contained  the 
ink-bag,  often  in  a  well-preserved  con¬ 
dition.  Anteriorly  the  phragmacone 
is  continued  into  a  horny  lamina  or 
“pen  ”  (the  “  pro-ostracum  ”  of  Hux¬ 
ley),  and  posteriorly  it  is  lodged  in 
a  conical  sheath  or  “  alveolus,”  which 
is  excavated  in  the  substance  of  a 
nearly  cylindrical,  fibrous  body,  the 
“guard”  (fig.  294,  g)  which  projects 
backwards  for  a  longer  or  shorter 
distance,  and  is  the  part  most  usu¬ 
ally  found  in  a  fossil  condition. 

Order  II.  Tetrabranchiata. — 

Ihe  members  of  this  order  of  the 
. ephalopoda  are  characterised  by  be- 
lng  seeping  animals ,  protected  by  an 
external ,  many  -  chambered  shell ,  the 
septa  between  the  chambers  of  which 
are  Perforated  by  a  membranous  or 
calcareous  tube  termed  the  “ siphuncle .” 

.  arms  are  numerous  and  are  de- 
sidp  branchia  are  four  in  number ,  two  on  each 

they p-  U  ’f'P  ’  the  funnel  does  not  form  a  complete  tube  ;  and 
ere  is  no  ink-bag. 


Fig.  294. — Diagram  of  Belemnite 
(after  Professor  Phillips).  r 
Horny  pen  or  “pro-ostracum”; 
fi  Chambered  “phragmacone” 
in  its  cavity  or  “alveolus  ”  {a)  ; 
g  “  Guard.” 


494 


MANUAL  OF  ZOOLOGY. 


Though  abundantly  represented  by  many  and  varied  extinct  i 
forms,  the  only  living  member  of  the  Tetrabranchiata  is  the 
Pearly  Nautilus,  which  has  been  long  known  by  its  beautiful 
chambered  shell,  but  the  soft  parts  of  which  were  first  de¬ 
scribed  (in  1832)  from  a  perfect  specimen  which  was  exam¬ 
ined  by  Professor  Owen. 

The  soft  structures  in  the  Pearly  Nautilus  may  be  divided 
into  a  posterior,  soft,  membranous  mass  (metasoma),  contain¬ 
ing  the  viscera,  and  an  anterior  muscular  division,  comprising 
the  head  (prosoma) ;  the  whole  being  contained  in  the  capa¬ 
cious  outermost  chamber  (the  body-chamber)  of  the  shell,  from 
which  the  head  can  be  protruded  at  will.  The  shell  itself  (fig. 
295)  is  involuted  and  many-chambered,  the  animal  being  con- 


Fig.  295. — Pearly  Nautilus  ( Nautilus  pompilius).  a  Mantle  ;  b  Its  dorsal  fold  ; 
c  Hood  ;  o  Eye  ;  t  Tentacles  \  /  Funnel. 

tained  successively  in  each  chamber,  and  retiring  from  it  as  its 
size  becomes  sufficiently  great  to  necessitate  the  acquisition  of 
more  room.  Each  chamber,  as  the  animal  retires  from  it,  is 
walled  off  by  a  curved,  nacreous  septum  ;  the  communication 
between  the  chambers  being  still  kept  up  by  a  membranous 
tube  or  siphuncle,  which  opens  at  one  extremity  into  the  peri¬ 
cardium,  and  is  continued  through  the  entire  length  of  the 
shell.  The  position  of  the  siphuncle  is  in  the  centre  of  each 
septum,  but  the  siphuncle  simply  passes  through  the  chambers, 
without  opening  into  them. 

Posteriorly  the  mantle  of  the  Nautilus  is  very  thin,  but  it  is 
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much  thicker  in  front,  and  forms  a  thick  fold  or  collar  sur¬ 
rounding  the  head  and  its  appendages.  From  the  sides  of  the 
head  spring  a  great  number  of  muscular  prehensile  processes 
or  “  arms  ”  (“  tentacles  ”),  which  are  annulated,  but  are  not 
provided  with  cups  or  suckers.  It  is  questionable  if  these 
structures  really  correspond  morphologically  with  the  “arms” 
of  Cuttle-fishes,  and  they  are  therefore  best  spoken  of  as 
tentacles.  1  he  two  dorsal  tentacles  are  fused  with  one 
another,  and  form  a  sort  of  hood,  which  can  be  employed  to 
close  the  mouth  of  the  shell.  Four  of  the  tentacles  of  the 
male  are  specially  modified  to  form  a  peculiar  organ  termed 
the  spadix,”  which  is  connected  with  reproduction,  and  cor¬ 
responds  with  the  “  hectocotylised  ”  arm  of  the  male  Cuttle¬ 
fishes.  In  the  centre  of  the  head  is  the  mouth,  surrounded 
by  a  circular  fleshy  lip,  external  to  which  is  a  series  of  labial 
processes.  The  mouth  opens  into  a  buccal  cavity,  armed  with 
two  horny  mandibles,  partially  calcified  towards  their  extremi¬ 
ties,  and  shaped  like  the  beak  of  a  parrot,  except  that  the 
under  mandible  is  the  longest.  There  is  also  a  “tongue,” 
which  is  fleshy  and  sentient  in  front,  but  is  armed  with  recurved 
teeth  behind.  The  gullet  opens  into  a  large  crop,  which  in 
turn  conducts  to  a  gizzard,  and  the  intestine  terminates  at 
the  base  of  the  funnel.  On  each  side  of  the  crop  is  a  well- 
developed  liver. 


I  he  heart  is  contained  in  a  large  pericardial  chamber,  and 
in  correspondence  with  the  number  of  gills  there  are  four 
auricles  ;  but  there  are  no  “  branchial  hearts.”  The  respiratory 
organs  are  in  the  form  of  four  pyramidal  branchiae,  two  on 
each  side  of  the  mantle-cavity. 

The  chief  masses  of  the  nervous  system  are  the  cerebral 
and  lnfra-cesophageal  ganglia,  which  are  partially  protected  by 
a  cartilaginous  plate,  which  is  to  be  regarded  as  a  rudimentary 
cranium,  and  which  sends  out  processes  for  the  attachment  of 

hv  S  °rganS  °f  sense  are  two  lar8e  eyes,  attached 

y  snort  stalks  to  the  sides  of  the  head,  two  spheroidal  ear- 

apsules,  and  two  hollow  plicated  subocular  processes,  believed 
to  he  possibly  olfactory  in  their  function. 

•  ,  lc  reproductive  organs  of  the  female  consist  of  an  ovary, 
rio-ht  acce^s®ry  nidamental  glands;  the  oviducts  being  paired, 
nnd  1  bou r  1° )*" 5  ^  ^  c^uct  ^e'nS  rudimentary  (Lankester 

DJhefre.is  no  'nk-bag,  and  the  funnel  does  not  form  a  com- 
s:  e,  .  e>  but  consists  of  two  muscular  lobes,  which  are 
eff pP/,ln  ^Pposition.  It  is  the  organ  by  which  swimming  is 
c  e  >  the  animal  being  propelled  through  the  water  by 
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means  of  the  reaction  produced  by  the  successive  jets  emitted 
from  the  funnel.  The  function  of  the  chambers  of  the  shell 
appears  to  be  that  of  reducing  the  specific  gravity  of  the 
animal  to  near  that  of  the  surrounding  water,  since  they  are 
most  probably  filled  with  some  gas  secreted  by  the  animal. 
Good  authorities,  however,  believe  that  the  chambers  of  the 
shell  are  filled  with  water.  The  function  of  the  siphuncle  is 
unknown,  except  in  so  far  as  it  doubtless  serves  to  maintain 
the  vitality  of  the  shell. 

Shell  of  the  Tetrabranchiata. — The  shells  of  all  the 
Tetrabranchiata  agree  in  the  following  points  : — 

1.  The  shell  is  external. 

2.  The  shell  is  divided  into  a  series  of  chambers  by  plates 
or  “  septa,”  the  edges  of  which,  where  they  appear  on  the 
surface  of  the  shell,  are  termed  the  “  sutures.” 

3.  The  outermost  chamber  of  the  shell  is  the  largest,  and  is 
the  one  inhabited  by  the  animal. 

4.  The  various  chambers  of  the  shell  are  traversed  by  a 
tube,  termed  the  “  siphuncle.” 

Agreeing  in  all  these  fundamental  points  of  structure,  two 
very  distinct  types  of  shell  may  be  distinguished  as  character¬ 
istic  of  the  two  families  Nautitidcc  and  Ammomtidce,  into  which 
the  order  Tetrabranchiata  is  divided. 

In  the  family  Nautilidcc  (fig.  296,  d  and  e),  the  “septa”  of 


Fig.  296. — Diagram  to  illustrate  the  portion  or  the  siphuncle  anti  the  form  of  the  septa 
in  various  Tetrabranchiate  Cephalopoda.  The  upper  row  of  figures  represents 
transverse  sections  of  the  shells,  the  lower  row  represents  the  edges  of  the  septa. 
a  a  Ammonite  or  Baculite ;  b  b  Ccratite ;  c  c  Goniatite ;  d  d  Clymcnia  ;  e  e  B an¬ 
ti  lus  or  Ortkoceras. 

the  shell  are  simple,  curved,  or  slightly  lobed  ;  the  “  sutures  ’ 
are  more  or  less  completely  plain;  and  the  “siphuncle”  is 
central,  sub-central,  or  internal  (i.e.,  on  the  concave  side  of  the 
curved  shells). 
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n,,I“  the  la,lllly  Ammonitida  (fig.  296,  a ,  />,  and  c),  on  the 
ot  ler  hand,  the  septa  are  folded  and  complex :  the  sutures  are 

exfernaW/  “  lobed’  °f  .f°liaceous  5  and  the  siphuncle  is 
external  (t.e  on  the  convex  side  of  the  curved  shells) 

In  both  these  great  types  of  shell,  a  series  of  representative 

form  exists  resembling  each  other  in  the  manner  in  which  the 

structure^  AM  th  “'!?•*  b“‘  ?'fferinS  in  their  fundamental 
structure.  All  these  difterent  forms  may  be  looked  upon  as 

Srucmm  o^  r6 ,m°dlficKatlon  of  a  greatly  elongated  cone,  the 
nf  p  vb]Ch  may  be  111  conformity  with  the  type  either 

the  A  auti/ida  or  of  the  Ammonitidce.  The  following  table 

families  :-d"ard)  CXhibitS  the  rePresentative  forms  in  the  two 


Shell  straight,  .  . 

„  bent  on  itself, 

„  curved,  .  . 

„  spiral,  .  .  . 

discoidal, 


Nautilida. 

Orthoceras, 
Ascoceras,  . 
Cyrtoceras, 
Trochoceras, 
Gyroceras,  . 


discoidal  and  produced,  Lituites,  . 
involute . Nautilus, 


Ammonitida. 

Baculites. 

Ptychoceras. 

Toxoceras. 

Turrilites. 

Crioceras. 

Ancyloceras. 

Ammonites. 


tiUdl  th%most  imPortant  form  of  the  Nan- 

s  ta/A  ^Zt  % 

was  dl  ef,°f  being  C0iled  int0  *  Viral  lying  n  one  pane 

“era, itefof  “ore  til  "W*  °r  ^  line.  Snho- 

but  in  all  th  1  ^  1  a?  SIX,  eet.ln  length  have  been  discovered, 

appears  to  have  ,  y'  ’amber' m. wh!ch  the  animal  was  lodged 
soS  been  comparatively  small.  The  siphuncle  is 

™  calcareou'sTo1;,: 
of  PeSrNamlio  She"  “  the  ArmMd“  is  “actly  that 

and  an  innlr  N  consisting  of  an  outer  porcellanous 

•  elongated  than  Gf601)?  ayer'  ,T!ie  body-chamber  was  rather 
form  of  n  atera  ly  exPanded  or  dilated.  The  simplest 

!  sSghf  teZ7Z  *he  m  which  the  Shen  is 

characters  of  those*.  r"  (,l:liK£ras:  while  the  septa  have  the 
ternal.  jn  tu„  r  ’ ^Ammonite,  and  the  siphuncle  is  ex- 

thesame  but  it  f -(  g‘  3°0)  the  stri|cture  of  the  shell  is 

;  ltSelf  (fig  -00)  ,i°!  "iV0  3  t,UITe.ed  sP'rab  1,1  Ammonites 
f  responding  (mf,  ffsh^  ls,  d,SGOldal  and  involuted,  cor- 
chamber  was  (  r  °  l  -le  ,sbf  1  of  t,le  Nautilus ;  the  body- 

I  closer],  in  some  snTP'ara  r  7  argG  S'Ze’  and  had  its  aperture 
•  [  ecies  at  any  rate,  by  an  operculum.  The 
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shell  sometimes  attained  a  gigantic  size,  and  several  hundred 
species  of  the  genus  have  been  described.  In  Crioceras  (fig. 
300)  the  shell  was  a  flat  spiral,  like  that  of  the  Ammonites, 


Fig.  297. — Fragment  of  Orthoceras(Or- 
moceras)  cycbviscptutti  Cincinnati 
Group,  North  America,  of  the  natural 
size.  The  lower  figure  is  a  section 
showing  the  air  -  chambers,  and  the 
form  and  position  of  the  siphuncle. 
(After  Billings.) 


Fig.  298. — Restoration  of  Orthoceras. 
the  shell  being  supposed  to  be  divided 
vertically,  and  only  its  upper  part  being 
shown.  <r  Arms;  f  Muscular  tube 
(“  funnel  ")  by  which  water  is  expelled 
from  the  mantle-chamber  :  c  Air-cham¬ 
bers  ;  x  Siphuncle. 


but  the  whorls  are  not  in  contact.  In  Toxoceras  the  shell  is 
shaped  like  a  bow.  In  Ancyloceras  (fig.  3°°)  shie"  15  at 
first  discoidal,  with  separate  whorls,  then  produced  into  a 
straight  line,  and  finally  bent  forwards  into  a  hook. 

Distribution  of  the  Cephalopoda  in  Space.  All 
Cephalopoda,  without  exception,  are  marine.  Some  ot  me 
Cuttle-fishes  (such  as  the  Octopi  and  Sepue)  live  in  the  \ku  ) 
of  land,  especially  frequenting  rocky  bottoms ;  while  others 
(such  as  Argonauta,  Spirula,  Septolc r,  Onychoteuthis \ -  • )  1 
in  the  open  sea,  often  far  from  land,  swimming  at  or  near  the 
surface.  Some  of  the  Cuttle-fishes  attain  a  gigantic :  sue  ,  bu 
all  these  colossal  forms  ot  the  class  appear  to  belong  to 
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Derafoda.  ]  he  Architmthb  of  the  North  Atlantic  is  certainly 

itaTUTf  “  ’”SU’  °f  15  feet  or  llP"'anls  to  the  body  and 
head,  and  from  30  to  40  feet  or  more  in  the  long  tentacles 


Fig.  299 .—Ammonites  bi/ro, is,  from  the  Lias 

SL^and^nn?115  r°nfined  t0  the  Pacific  and  Indian 
300  fathoms)  PP  S  °  llV£  1,1  t0lemblp  deeP  water  (-0  to 

Distribution  of  Cephalopoda  in  Time.— The  Cenhalo 
pods  are  largely  represented  in  all  the  primary  groups  of  strati¬ 
fied  rocks  from  the  Upper  Cambrian  up  to  the  present  day 

° theold  °f  Ce{;hal0p0da'  that  of  the  Tetrabranchiata 

tr  rerr'* but  « 

“'ssr scas  ^.re/The;: 

SonbeCd  r BXmS 

numbers  from  tli  hi  °Per,  lave  gradually  decreased  in 
li»ry  Periods  ,0  ,e  K°“,C,  ",r0ugh  the  Secondary  and  Ter- 
»»  h  s  i  h,  prcfnt  t  a>'  Th=  OrthmmU&c  died  out 
of  “e TrZ'J oZ°:^T  yP^ozoic,  with  the  exception 
into  the^rnm  lU  **  itself  and  Cyrtoceras ,  which  survived 

out  i„  tile  Trias"'™’11"'  °f  the  Secondr>ry  period,  finally  dying 
The  second  family  of  the  Telral,ranMaia-y iz.,  that  of  the 
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Ammonitidcc  —  is  almost  exclusively  Secondary,  being  very 
largely  represented  by  numerous  species  of  the  genera  Ammon¬ 
ites ,  Ceratites ,  Baculites ,  Turrilites,  <$cc..  The  principal  Palaeo¬ 
zoic  genera  are  Goniatites  and  Bactrites,  of  which  the  former 
is  found  from  the  Silurian  to  the  Trias,  whilst  the  latter  is 


Fig.  300. — Shells  of  Secondary  Cephalopods.  1.  Ancyloceras  Matherontanns  l  2. 

Scaphites  cequalis ,*  3.  Crioceras  Duvalii',  4.  Hamites  atteniiatus ,*  5.  7 uvrihtcs 

catcnatus. 

a  Devonian  form;  but  true  Ammonites  have  been  found  in 
strata  of  Carboniferous  age  in  India  (Dr  Waagen).  The  genus 
Ceratites  is  characteristically  Triassic,  but  allied  forms  occur 
in  Permo-Carboniferous  strata.  All  the  remaining  genera  are 
exclusively  Secondary,  the  genera  Baculites ,  Turrilites,  Ham¬ 
ites,  and  Ptychoceras  being  confined  to  the  Cretaceous  period. 
The  only  genus  which  passes  up  into  the  Tertiary  is  Ammo¬ 
nites,  which  occurs  in  beds  believed  to  be  of  this  age  in 
America. 

Of  the  1  Abranchiate  Cephalopoda  the  record  is  less  perfect, 
as  these  have  few  structures  which  are  capable  of  preservation. 
They  attain  their  maximum,  as  fossils,  shortly  after  their  first 
appearance  in  the  Secondary  rocks,  where  they  are  represented 
by  the  large  and  important  family  of  the  Belemmtidce.  Some 
of  the  Teuthidce  and  Sepiadic  are  found  both  in  the  Secondary 
and  in  the  Tertiary  rocks,  and  two  species  of  Argonaut  have 
been  discovered  in  the  later  Tertiaries.  No  example  of  a 
1  Abranchiate  Cephalopod  is  known  from  the  Palreozoic  de¬ 
posits,  and  the  order  attains  its  maximum  at  the  present  day. 
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CHAPTER  XLV. 


TUNICA  TA. 


Before  passing  on  to  the  Vertebrates,  we  may  here  consider 
briefly  the  remarkable  group  of  animals  which  are  known  as 
the  lunicates,  and  which  have  been  variously  regarded  as  an 
aberrant  group  of  the  Mollusca,  or  as  a  degenerate  type  of  the 
Vertebrata.  The  Tunicates  are  simple  or  compound ,  and  have 
the  body  enclosed  in  a  saccular  integumentary  investment ,  which 
is  perforated  by  two  openings.  One  of  the  apertures  in  the  outer 
covering  of  the  animal  leads  into  a  dilated  pharyngeal  sac ,  the 
walls  of  which  are  perforated  by  numerous  slits,  leading  into  a 
second  chamber  (“  atrium  ”)  which  communicates  with  the  exterior 
b\  the  other  aperture  in  the  integument.  The  pharyngeal  sac  is 
)  espiratory  in  function,  and  conducts  into  an  alimentary  canal 
which  opens  into  the  atrial  chamber.  The  heart  is  in  the  form  of 
a  simple  tube  open  at  both  ends.  The  sexes  are  united  in  the 
same  individual,  and  there  is  in  general  a  metamorphosis  in 
development,  the  larva  possessing  a  structure  comparable  to  the 
notochord  of  Vertebrates. 

f  he  I  unicates  or  Ascidians  are  all  inhabitants  of  the  sea, 
and  may  be  either  simple  or  compound.  The  general  struc¬ 
ture  of  the  group  is  best  understood  by  taking  one  of  its 
simple  members  as  a  type.  In  external  appearance  a  solitary 
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Ascidian  may  be  compared  to  a  double-necked  jar  (figs.  301, 
302),  with  two  prominent  apertures,  which  are  situated  near 
one  another  towards  the  anterior  end  of  the  animal.  In  some 
cases  ( Salpa )  the  two  apertures  are  placed  at  opposite  ends  of 
the  body.  In  the  ordinary  forms,  the  posterior  end  of  the 


l 


Fig.  301.  — Tunicata.  A,  Ascidia  latu,  seen  from  the  right  side,  of  the  natural  size  :  b  Bran¬ 
chial  aperture;  a  Atrial  aperture.  B,  Part  of  the  branchial  sac  of  the  same,  seen  from 
the  inside,  magnified.  C,  Part  of  the  branchial  sac  of  Ascidia  vtrgmea  (  =  Ascidta 
sordida),  seen  from  the  inside,  magnified.  (After  Herdman.) 


body  is  attached  to  some  foreign  body.  The  outer  covering 
of  the  body  of  an  Ascidian  is  composed  of  two  layers,  an  ex¬ 
ternal  and  internal.  The  former  of  these — termed  the  “  test  ” 
—is  often  of  considerable  thickness,  commonly  transparent  or 
semi-transparent,  and  usually  of  a  coriaceous  or  cartilaginous 
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consistence.  It  is  remarkable  as  containing  a  substance  ap¬ 
parently  identical  with  the  cellulose  of  vegetables,  and  it  is  in 
reality  composed  of  an  abnormal  form  of  connective  tissue. 
It  is  lined  by  an  ectodermal  layer  of  cells,  and  spicules  of 
a  siliceous  or  calcareous  nature  are  sometimes  developed  in 
it.  I  he  test  forms  a  common  matrix  (“investing  mass”)  in 
which  the  zooids  of  the  composite  Tunicates  are  embedded, 
while  it  is  only  present  at  certain  times  in  Appendicularia ,  and 
is  wanting  in  some  forms  of  Doliolum. 

I  lie  test  is  lined  by  an  internal  layer,  which  is  spoken  of 
as  the  second  tunic  ’  or  “mantle,”  and  which  is  composed 
of  connective  tissue  containing  muscular  fibres,  nerves,  and 
blood-vessels.  The  mantle  is  only  loosely  connected  with  the 
test,  except  in  the  neighbourhood  of  the  two  apertures  of  the 
test,  but  the  two  coverings  are  in  direct  contact  during  life. 
The  muscular  tunic  gives  the  animal  great  contractility,  and 


A>-  Diagram  of  thi:  structure  of  a  simple  Tun!- 
“trial  Inert  ’  e  a,  •  muscu^r  tu.mc  •’  /  Branchial  sac  ;  b  Branchial  aperture  ;  « 
intestine'  ™  a’  I  A  ’  0  °x?en,ng  of  the  gullet;  g  Stomach,  leading  into  the 
portion  of  amhrn!  nPfh '  ”  ^"ve-ganglion.  B,  Bolry/lus  smaragdtfs-a.  small 
Common  mri.?n7. »  he  "/“n™1  *'?■’  ,and  a  slngle  system  of  the  same  enlarged  ;  ,0 
^  T’|  it;  Branchial  aperture  of  one  of  the  zooids.  C,  Molgula 

Water  currents  P  ®  Ascldlan-  1  he  arrows  in  A  and  C  show  the  direction  of  the 


enables  it  to  eject  the  water  forcibly  from  its  branchial  and 
cioacal  apertures.  Hence  the  name  of  “Sea-squirts”  often 
given  to  the  Tunicates. 
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Of  the  two  apertures  into  the  test,  the  anterior  one  (tigs.  301, 
302,  b)  may  be  regarded  as  the  mouth,  and  is  often  furnished 
internally  with  a  circlet  of  small,  non-ciliated,  non-retractile 
tentacles.  It  opens  into  a  largely  dilated  pharynx,  which  has 
its  walls  perforated  by  numerous  apertures  (fig.  301,  B  and  C, 
and  302,  A),  and  discharges  the  function  of  a  respiratory 
organ.  The  pharyngeal  or  “branchial”  sac  usually  occupies 
a  great  part  of  the  cavity  of  the  mantle,  and  is  freely  sus¬ 
pended  within  a  second  chamber,  which  is  known  as  the 
“ peribranchial  space”  or  “atrium,”  and  which  communicates 
with  the  exterior  by  the  second,  or  “atrial,”  aperture  of  the 
test  (figs.  301,  302,  a).  The  atrial  aperture  is  placed  pos¬ 
teriorly  to  the  branchial  aperture,  and  usually  on  the  dorsal 
aspect  of  the  body.  The  atrial  chamber  includes  the  whole 
of  the  branchial  sac,  except  along  a  line  running  longitudinally 
on  the  ventral  side  of  the  pharynx,  and  corresponding  with 
the  structure  termed  the  “endostyle”  (fig.  303,  e>t). 

The  membranous  wall  of  the  atrial  sac  becomes  completely 
incorporated  with  the  wall  of  the  pharyngeal  sac,  where  it 
wraps  round  the  latter,  and  the  two  conjoined  lamellte  become 
perforated  by  numerous  apertures  arranged  in  successive 
transverse  rows  (fig.  301,  B  and  C).  The  margins  of  these 
pharyngo-atrial  apertures  are  fringed  with  cilia,  which  work 
towards  the  atrium  ;  and  by  the  action  of  these  water-currents 
are  produced,  which  get  in  by  the  branchial  aperture  and  out 
by  the  atrial  opening,  and  which  not  only  supply  oxygen  to 
the  blood,  but  also  bring  to  the  animal  the  minute  organisms 
which  constitute  its  food.  The  pharyngeal  sac  is  enabled  to 
act  as  a  respiratory  organ  in  virtue  of  the  fact  that  its  walls 
are  composed  of  a  lattice-work  of  longitudinal  and  transverse 
blood-vessels,  which  bound  the  ciliated  apertures  just  spoken 
of,  and  which  open  on  each  side  into  two  main  longitudinal 
sinuses — the  so-called  “  branchial  ”  or  “  thoracic  ”  sinuses. 

The  structure  termed  the  “  endostyle  ”  (fig.  303,  en ),  is  a 
longitudinal  ciliated  groove,  with  prominent  margins,  which 
is  placed  along  the  ventral  side  of  the  pharynx,  and  which 
has  for  its  function  the  secretion  of  mucus.  On  the  dorsal 
side  of  the  pharynx,  opposite  to  the  endostyle,  is  a  peculiar 
fold-like  involution  of  the  wall  of  the  pharynx  (fig.  303,  <//), 
which  is  known  as  the  “  dorsal  lamina”  (or  “  languets  ). 

At  the  bottom  of  the  pharyngeal  sac  is  situated  the  opening 
of  the  oesophagus  (fig.  302,  A,  o),  which  conducts  to  a  capa¬ 
cious  stomach.  From  the  stomach  an  intestine  is  continued, 
generally  with  few  flexures,  to  the  anal  aperture,  which  opens 
into  the  atrium,  excrementitious  matters  thus  being  discharged 
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along  with  the  outgoing  currents  of  water  from  the  atrial 
aperture  of  the  test.  The  atrium  is  for  this  reason  often 
spoken  of  as  the  “cloaca.”  The  stomach  and  intestine 
almost  always  lie  on  one  side  of  the  branchial  sac,  usually 
the  left,  and  the  first  bend  of  the  intestine  is  “haemal,”  or  is 
directed  towards  that  side  of  the  body  on  which  the  heart  is 
situated.  Glandular  organs  which  may  represent  the  liver  are 
often  present,  and  there  are  also  organs  which  are  supposed 
to  have  a  renal  function. 

1  he  heart  is  a  simple  sac  or  fusiform  tube,  enclosed  in  a 


Tig.  303.  Diagrammatic  cross-section  of  an  Ascidian  towards  its  anterior  end,  to  show 
the  relation  of  the  pharyngeal  sac  to  the  atrial  membrane,  t  Test ;  m  Second  tunic 
or  mantle  ;  p  I  arietal  layer  of  the  atrial  membrane;  v  Visceral  layer  of  the 
atria  membrane,  incorporated  with  the  proper  wall  of  the  pharynx,  the  conjoined 
lamella:  being  Perforated  by  the  respiratory  pores  (the  atrial  membrane  is  repre¬ 
sented  by  the  thick  black  line,  and  the  wall  of  the  pharynx  is  cross-shaded;  the 
arrows  show  the  direction  of  the  currents  of  water)  ;  //;  Cavity  of  the  pharyngeal 
’  .a  Cavity  of  the  atrium;  en  Endostyle ;  dl  Dorsal  lamina.  The  processes 
which  connect  the  branchial  sac  with  the  mantle  are  omitted.  V,  Ventral  side  ;  D, 
Dorsal  side.  (Altered  from  Herdman). 


pericardium,  and  giving  off  vessels  at  both  ends.  The 
circulation  exhibits  the  remarkable  peculiarity  of  being 
periodically  reversed,  the  blood  being  propelled  in  one 
direction  for  a  certain  number  of  contractions,  and  being 
then  driven  for  a  like  period  in  an  opposite  direction  ;  “  so 
that  the  two  ends  of  the  heart  are  alternately  arterial  and 
venous”  (Huxley). 

I  he  nervous  system  consists  of  a  single  ganglion  placed  on 
the  dorsal  side  of  the  mouth  (fig.  302,  ;/).  In  the  aberrant 
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genus  Appendicularia,  in  which  the  tail  of  the  larva  is  per¬ 
sistent,  this  ganglion  is  connected  with  a  second  ganglion 
which  is  placed  at  the  base  of  the  tail,  and  which  gives  off  a 
nervous  cord  to  the  latter.  The  principal  sense-organs  are 
the  tentacles  placed  at  the  entrance  of  the  branchial  sac,  and 
minute  pigment-spots  or  “ocelli”  placed  round  the  branchial 
and  atrial  apertures. 

The  so-called  “olfactory  gland,”  or  “hypophysial  gland,”  is 
not  an  organ  of  sense.  It  consists  of  a  tubular  gland,  which 
lies  underneath  the  nerve-ganglion,  and  the  duct  of  which 
terminates  on  the  so-called  “olfactory  tubercle,”  at  the 
anterior  end  of  the  branchial  sac,  on  the  dorsal  side.  This 
curious  organ  has  been  compared  with  the  “  pituitary  body  ” 
of  Vertebrates. 

The  sexes  are  united  in  the  same  individual  in  all  the 
Tunicates.  The  reproductive  organs  lie  in  the  fold  of  the 
intestine,  and  their  ducts  open  into  the  atrial  chamber.  In 
Appendicularia  the  generative  glands  are  ductless,  and  in  the 
Salpce  the  male  organs  are  not  at  first  developed.  Non-sexual 
reproduction  by  means  of  budding  is  of  very  common  occur¬ 
rence,  and  the  phenomena  attending  it  are  often  of  consider¬ 
able  complexity. 

The  embryo  Tunicate  (fig.  304,  A  and  C)  generally  passes 
through  a  free  and  locomotive  phase,  in  which  it  is  shaped 
like  the  tadpole  of  a  Frog,  and  swims  by  means  of  a  long 
caudal  appendage.  In  some  cases,  however  (e.g.,  Molgula), 
the  larva  is  destitute  of  a  tail,  and  there  is  no  metamorphosis. 
The  larval  tail  is  especially  remarkable  as  containing  a  primi¬ 
tive  neural  canal,  in  the  floor  of  which  is  developed  a  cellular 
rod-like  structure,  which  resembles  the  notochord  of  Verte¬ 
brates.  Ultimately,  the  larva  in  the  majority  of  cases 
attaches  itself  to  some  foreign  body  by  means  of  processes 
developed  at  one  end  of  the  body ;  a  mouth  is  developed  at 
the  opposite  extremity ;  and  the  embryonic  tail,  with  its  con¬ 
tained  structures,  is  wholly  lost.  In  Appendicularia  alone  the 
larval  tail  is  persistent. 

The  following*  are  the  more  important  developmental  changes  exhibited 
in  the  simple  Ascidians  generally,  as  worked  out  by  the  researches  of 
Ivowalewsky  and  others  : — 

(1.)  The  segmented  ovum  gives  rise  to  a  double-layered  embryo  or 
•‘gastrula,”  the  primitive  mouth  (“blastopore”)  of  which  is  placed  at  the 
posterior  end  of  the  body — /.<•.,  at  the  end  of  the  body  which  is  destined 
to  become  ultimately  the  fixed  end. 

*  See  Balfour’s  ‘Treatise  on  Comparative  Embryology,’  vol.  ii.  p.  S 
ft  set]. 
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(2. )  The  dorsal  side  of  the  embryo  next  becomes  flattened,  and  a  groove 
(“medullary  groove  )  is  formed  upon  it,  which  soon  becomes  converted, 
by  the  upward  growth  and  fusion  of  its  bounding  walls,  into  a  closed  tube, 
which  communicates  with  the  primitive  mouth  in  front.  There  is  thus 
formed  a  primitive  “neural  canal,”  as  in  the  embryo  of  Vertebrates. 

(3.)  The  cells  forming  the  floor  of  this  primitive  neural  canal  for  the 
posterior  half  of  its  extent  become  modified  to  form  a  rod-like  cellular 
structure,  corresponding  with  the  “notochord”  of  Vertebrates.  This  is 


a 


lug.  304.  Development  of  1  unicata.  A,  Larva  of  Botryltus  violacens,  greatly  mag 
tuned  .  «  I  recesses  for  attachment ;  6  Mass  of  primitive  cells  from  which  the  diges¬ 
tive  organs  are  developed  ;  r  Circlet  of  eight  cellular  outgrowths ;  d  Kye-spot ;  r 
entrance  to  the  branchial  sac;  /  I  he  external  structureless  “  test”  ;  g  Large  nucle- 
ated  cells  forming  the  sheath  of  the  central  axis  (eight  rows  of  these  cells  are  pres- 
ent)  B  A  portion  of  the  tail,  highly  magnified  :  h  Central  axis,  (/and  g,  as  before). 

Another  larva  of  the  same,  viewed  from  the  side,  and  highly  magnified,  showing 
SU,If;rlo1r  and  utlynor  fin-1  ike  prolongations  (//)  of  the  “  test,  ”  with  ray-like  strife, 
(the  other  letters  as  before).  D.  Diagrammatic  cross-section  of  the  tail,  showing  the 
position  of  the  fins  (p  p\  and  the  relations  to  one  another  of  the  central  axis  (/;),  the 
intermediate  cellular  sheath  (g),  and  the  external  structureless  test  (_/')■  (After 


not,  however,  prolonged  into  the  anterior  half  of  the  larva.  The  larva  is 
now  furnished  with  a  long  caudal  appendage.  In  process  of  growth, 
eia.  niusc'es  developed  in  connection  with  the  notochord  ;  and  the 
eura  tube  exhibits  an  anterior  dilatation  which  may  be  compared  with 
me  cerebral  dilatation  of  the  neural  canal  of  Vertebrates. 

(4  )  1  lie  test  is  next  formed  as  a  cuticular  deposit  of  epiblast  cells, 

<  nc  t  icre  glow  out  from  the  posterior  end  of  the  body  (which  is  at  this 
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stage  the  anterior  end)  three  papillae  (fig.  304,  a),  which  secrete  a  glutinous 
fluid  and  are  destined  to  act  as  organs  of  attachment. 

(5.)  When  the  larva  is  hatched,  an  auditory  organ  and  an  unpaired  eye 
are  developed  in  the  front  part  of  the  neural  canal  ;  and  a  nervous  cord, 
which  may  be  compared  with  the  spinal  cord  of  Vertebrates,  is  developed 
in  the  posterior  part  of  the  same. 

(6.)  The  alimentary  canal  and  branchial  sac  of  the  adult  are  next 
developed,  and  the  atrial  cavity  appears  as  a  pair  of  saccular  involutions  of 
the  outer  (epiblastic)  layer  of  the  body,  which  grow  inwards  and  fuse  with 
the  branchial  sac. 

(7.)  The  larva  now  attaches  itself  to  some  foreign  body  by  one  of  the 
three  posterior  papillae  before  mentioned.  The  larval  tail,  and  with  it  the 
notochord,  becomes  atrophied  and  disappears  (except  in  Appendicularia). 
The  nervous  system  simultaneously  undergoes  retrogressive  metamorphosis, 
the  anterior  portion  of  the  dorsal  cord  (“spinal  cord  ”)  alone  persisting  as 
the  nerve-ganglion  of  the  adult.  A  mouth  is  formed  at  the  free  or  anterior 
end  of  the  body — i. e. ,  at  the  end  opposite  to  that  at  which  the  primitive 
mouth  was  placed.  Lastly,  the  primitive  branchial  fissures  become  much 
more  numerous,  and  the  two  original  atrial  sacs  coalesce  to  form  the  single 
cloacal  sac  of  the  adult. 

The  Tunicates  present  themselves  under  very  varied  types 
of  structure,  and  often  exhibit  very  remarkable  phenomena  in 
the  way  of  non-sexual  reproduction  and  alternation  of  genera¬ 
tions.  The  following  groups  may  be  distinguished  among  the 
Tunicata 

(1.)  Simple  Ascidians. — These  consist  typically  of  solitary  animals  (fig. 
301,  A,  and  302,  C),  each  of  which  is  included  in  a  complete  test,  furnished 
with  branchial  and  atrial  apertures.  The  adult  is  usually  fixed  to  some 
foreign  body,  but  may  be  non-adherent.  Well-known  and  widely-dis¬ 
tributed  genera  are  Ascidia,  Ciona,  and  Stycla  {Cynthia). 

(2.)  Social  Ascidians. — These  are  very  closely  allied  to  the  preceding, 
and  are,  indeed,  essentially  identical  in  anatomical  structure.  The  original 
animal,  however,  gives  out  branched  root-like  prolongations,  or  “stolons,” 
from  its  test,  through  which  the  blood  circulates,  and  from  which  new 
zooids  are  budded  out.  The  principal  genera  of  this  group  are  Clavellina 
and  Perophora. 

(3. )  Compound  Ascidians.  —  I  hese  are  forms  in  which  the  original  animal 
produces  by  budding  a  colony  (“ ascidiarium  ”)  consisting  of  numerous 
zooids  (“  ascidiozooids  ’),  which  become  aggregated  into  a  common  growth 
by  an  “investing  mass”  composed  of  the  fused  tests  of  the  members  of 
the  colony.  The  separate  zooids  may  be  irregularly  scattered  through  the 
colony,  or  they  may  be  arranged  in  definite  groups  or  “  systems”;  and 
they  essentially  resemble  simple  Ascidians  in  anatomical  structure.  Most 
of  the  composite  Ascidians  are  fixed  to  foreign  bodies  by  their  common 
test.  Familiar  examples  are  the  Botrylli  (fig.  302,  IS),  which  form  semi¬ 
transparent  crusts,  often  of  brilliant  colours,  attached  to  submarine  objects, 
and  consisting  of  numerous  zooids  arranged  in  star-like  groups,  the 
members  of  each  system  having  a  common  atrial  aperture.  In  Pyrosoma , 
on  the  other  hand,  the  colony  is  free-swimming,  and  there  is  a  remarkable 
alternation  of  generations. 

(4.)  Salpiform  Ascidians.  —  These  include  the  aberrant  genera  Salpa  and 
Do/iolum,  comprising  transparent,  barrel-shaped,  free-swimming  oceanic 
Tunicates,  in  which  the  branchial  and  atrial  openings  are  terminal  and  are 
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placed  at  opposite  ends  of  the  body.  There  is  an  alternation  of  genera¬ 
tions  which  in  the  case  of  Doliolum  is  very  complex.  In  the  Scilpec  the 
organism  occurs  in  two  well-marked  alternating  generations,  each  of  which 
produces  the  other.  The  one  generation  consists  of  solitary  individuals 
which  have  no  reproductive  organs,  but  give  rise  by  budding  to  the  second 
generation,  consisting  of  sexual  individuals  united  in  chains  and  moving  in 
a  serpentine  manner  through  the  water.  The  associated  forms  are  pro¬ 
duced  as  a  chain  of  embryos  developed  in  the  interior  of  a  solitary  form  ; 
and  each  zooid  of  the  liberated  chain  develops  a  solitary  embryo  which  is 
attached  to  the  interior  of  its  atrial  sac  by  a  sort  of  placenta,  and  is  ulti¬ 
mately  detached  as  a  solitary  being. 

(5- )  Perennichordate  Ascidmus. — In  this  group  are  only  the  aberrant 
genus  A ppendicularia,  and  some  allied  forms,  comprising  small  oceanic 
Tunicates,  in  which  alone,  of  all  the  forms  of  the  class,  the  larval  tail  and 
notochord  are  persistent.  The  animal  is,  therefore,  tadpole-like,  and  its 
“test”  is  only  developed  from  time  to  time,  and  is  not  permanent.  There 
is  an  additional  ganglion  at  the  root  of  the  caudal  appendage,  and  a 
nervous  cord  is  continued  backwards  from  this.  The  anus  opens  directly 
on  the  exterior,  and  the  generative  glands  are  ductless. 

As  regards  their  distribution  in  space,  the  Tunicates  are  ex¬ 
clusively  marine,  and  are  principally  littoral  and  shallow-water 
forms,  though  some  are  found  at  considerable  depths,  and 
many  are  pelagic  in  habit.  The  singular  Salpidae.  have  the 
branchial  and  atrial  apertures  placed  at  opposite  ends  of  the 
body,  and  are  found  swimming  in  the  open  sea,  often  in  im¬ 
mense  shoals.  The  Appendicularice ,  with  their  permanent 
larval  tails,  are  likewise  oceanic,  as  is  the  cask-shaped  Dolio¬ 
lum.  Lastly,  in  Pyrosoma ,  we  have  a  singular  compound 
oceanic  Tunicate,  in  which  the  numerous  zooids  form  a 
tubular  colony,  which  is  propelled  through  the  water  by  the 
united  excurrent  respiratory  jets  of  its  component  members. 
Like  the  Salpians,  it  is  brilliantly  phosphorescent. 

On  the  other  hand,  the  more  typical  Tunicates  are  found 
attached  to  all  kinds  of  submarine  objects,  or  (as  in  Pe/onaia) 
embedded  in  mud. 

During  the  “Challenger  expedition,”  some  singular  deep- 
sea  Tunicates  were  obtained,  and  have  been  since  described 
by  Prof.  Moseley.  One  of  these  ( Hypobythius )  was  found  in 
the  Pacific,  at  a  depth  of  nearly  3000  fathoms,  attached  to 
foreign  objects  by  a  peduncle.  Its  test  is  hyaline  and  trans¬ 
parent,  and  is  strengthened  by  symmetrically  disposed  cartila¬ 
ginous  plates.  Octacnemus,  dredged  at  over  igoo  fathoms,  is 
also  hyaline  and  transparent,  with  a  short  stalk,  but  it  possesses 
eight  long  radiating  processes,  which  give  it  a  stellate  appear¬ 
ance;  and  the  branchial  sac  is  so  flattened  as  to  become 
nearly  horizontal. 

No  Tunicates  are  known  with  certainty  to  have  been  pre¬ 
served  in  the  fossil  condition. 


512 


MANUAL  OF  ZOOLOGY. 


LITERATURE. 


1.  “Memoire  sur  les  Ascidies  et  leur  Anatomie.”  Cuvier.  ‘Mem.  du 

Museum.’  1 S 1 5- 

2.  “  Memoires  sur  les  Animaux  sans  Vertebres  (Recherches  Anatomiques 

sur  les  Ascidies  Composees,”  &c.)  Savigny.  1816. 

3.  “  Anatomisk-physiologiske  Undersogelser  over  Salperne.  ”  Eschricht. 

Copenhagen.  1841. 

4.  “Observations  sur  le  Generation  et  le  Developpement  des  Biphores.” 

Krohn.  ‘  Annales  des  Sciences  Naturelles.’  1846. 

5.  “Recherches  sur  l’Embryogenie,  1’ Anatomie,  et  la  Physiologie  des 

Ascidies  simples.”  Van  Beneden.  ‘  Mem.  de  l’Acad.  Roy.  de 
Belgique.’  1847. 

6.  “Observations  sur  les  Ascidies  Composees  des  Cotes  de  la  Manche.” 

Milne- Edwards.  1844. 

7.  “  Anatomy  and  Physiology  of  Salpa  and  Pyrosoma.”  Huxley.  ‘Phil. 

Trans.’  1851. 

8.  “  Observations  on  Appendicularia  and  Doliolum.”  Huxley.  ‘Phil. 

Trans.’  1S51. 

9.  “Die  Entwickelungsgeschichte  der  einfachen  Ascidien.”  Kowa- 

lewsky.  ‘Mem.  de  l’Acad.  Imp.  des  Sciences  de  St  retersbourg.’ 
1866. 

10.  “Die  Stammverwandschaft  zwischen  Ascidien  und  Wirbelthiere. ” 

Kupffer.  ‘  Archiv  fiir  mikr.  Anat.’  1S70. 

11.  “  Zur  Entwickelung  der  einfachen  Ascidien.”  Kupffer.  ‘Archiv  fur 
mikr.  Anat.’  1872. 

.  “  De  animalibus  quibusdam  e  classe  Vermium.  ”  Chamisso.  1819. 

.  “Etude  critique  des  travaux  d’embryogenie  relatifs  a  la  parente  des 
Vertebres  et  des  Tuniciers.”  Giard.  ‘  Archives  de  Zool.  exper.’ 
1872. 

14.  “  Entwickelt  sich  die  Larve  der  einfachen  Ascidien  in  der  ersten  Zeit 
nacli  dem  Typus  der  Wirbelthiere  ?  ”  Von  Baer.  ‘  Mem.  de  l’Acad. 
Imp.  des  Sciences  de  St  Petersbourg.’  1873. 

13.  “Zur  Anatomie  des  Schwanzes  der  Ascidien-Larven  (Botryllus  viola- 
ceus).”  II.  Reichert.  ‘  Abhandl.  d.  K.  Akad.  der  Wiss.  Berlin.’ 
1 S75. 

16.  “Ascidies  simples  des  cotes  de  France.”  Lacaze-Duthiers.  ‘Ar¬ 

chives  de  Zool.  exper.’  1874. 

17.  “On  Two  new  Forms  of  Deep-sea  Ascidians.”  Moseley.  ‘Trans. 

Linn.  Soc.’  Ser.  2,  vol.  i.  1S77- 

18.  “  Report  on  the  Tunicata.”  Ilerdman.  ‘  Rep.  on  the  Sci.  Results  of 

the  Voyage  of  H.M.S.  Challenger.’  Vol.  vi.  1882,  and  vol.  xiv. 
1886. 


VERTEBRATE  ANIMALS. 


CHAPTER  XLVI. 

General  Characters  and  Divisions  of  the 
Vertebrata. 

The  six  sub-kingdoms  which  we  have  previously  considered — 
viz.,  the  P/oiozoa,  Porifera ,  Ccelentei'ata,  Echinodermata,  An- 
nulosa,  and  Mollusca— together  with  the  groups  of  the  Mol- 
luscoids  and  Tunicates,  were  grouped  together  by  the  French 
naturalist  Lamarck  to  form  one  great  division,  which  he  termed 
Invertebrate,  the  remaining  members  of  the  animal  kingdom 
constituting  the  division  Vertebrata.  The  division  Vertebrata, 
though  including  only  a  single  sub-kingdom,  is  so  compact  and 
well-marked  a  division,  and  its  distinctive  characters  are  so 
numerous  and  so  important,  that  this  mode  of  looking  at  the 
animal  kingdom  is,  at  any  rate,  a  very  convenient  one. 

I  he  sub-kingdom  Vertebrata  may  be  shortly  defined  as  com¬ 
prising  bilaterally  symmetrical  animals,  devoid  of  externa!  seg¬ 
mentation,  but  showing  more  or  less  clearly  in  their  internal 
nc  me  a  composition  of  the  body  out  of  longitudinally  arranged 
se^inents.  The  main  masses  of  the  nervous  system  are  dorsal ', 
ana  are  always  shut  off  from  the  visceral  tube.  The  cerebro- 
„lna  nerve- ax  is.  is  underlaid  by  the  structure  known  as  the 
°.c Lora,  which,  in  adult  life,  is  generally  more  or  less  com- 
V  e-  f  'h bleed  by  the  cartilaginous  or  bony  axis  known  as  the 
vei  t  >ral  column.”  Limbs  may  be  wanting ;  but  when  present, 
jd  an  ne"ner  more  than  two  pairs  in  number,  and  they  are 
ways  turned  away  from  the  neural  aspect  of  the  body.  These 
aracters  distinguish  the  Vertebrata,  as  a  whole,  from  the 
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Invertebrata ;  but  it  is  necessary  to  define  these  broad  differ¬ 
ences  more  minutely,  and  to  consider  others  which  are  of  little 
less  importance. 

One  of  the  most  obvious,  as  it  is  one  of  the  most  funda¬ 
mental,  of  the  distinctive  characters  of  Vertebrates ,  is  to  be 
found  in  the  shutting  off  of  the  main  masses  of  the  nervous 
system  from  the  general  cavity  of  the  body.  In  all  adult  In¬ 
vertebrate  animals,  without  exception,  the  body  (fig.  305,  A) 
may  be  regarded  as  a  single  tube,  enclosing  all  the  viscera  ,  anc 


Fig.  305.-A,  Transverse  section  of  the  body  of  one  of  the  higher  Invertebrata a ;  Body- 
wall ;  b  Alimentary  canal;  c  Hamm!  system  ;  »  Nervous  system.  1 3,  Traverse 
section  of  the  body  of  a  Vert&*  -  =  «  I 


lY  OI  a  v  erlll’rulL  amuuu  .  '  \  l  '  , 

c  Hsemal  system ;  n  Sympathetic  system  of  nerves ;  «  Cerebro-sptnal  system  of 
nerves;  ch  Notochord. 


consequently,  in  this  case,  the  nervous  system  is  contained 
within  the  general  cavity  of  the  body,  and  is  not  in  any  way 
shut  off  from  the  alimentary  canal.  The  transverse  section, 
however,  of  a  Vertebrate  animal  exhibits  two  tubes  (fig.  305,  B), 
one  of  which  contains  the  great  masses  of  the  nervous  system 

_ that  is,  the  cerebro-spinal  axis,  or  brain  and  spinal  cord 

_ whilst  the  other  contains  the  alimentary  canal  and  the 

chief  circulatory  organs,  together  with  certain  portions  of  the 
nervous  system  known  as  the  “ganglionic  or  “  sympathetic 
system.  The  “neural”  tube,  containing  the  great  nerve- 
centres,  is  placed  on  the  dorsal  side  of  the  body,  while  the 
visceral  tube,  containing  the  alimentary  canal,  heart,  and  other 
organs  of  vegetative  life,  is  situated  ventiall)  . 

*Not  only  are  the  great  nerve-centres  in  this  way  completely 
shut  off  from  the  viscera,  but  they  are  developed  in  a  tube, 
which  is,  to  begin  with,  a  mere  groove  on  the  exterior  surface 
of  the  embryo.  At  an  early  period  in  the  development  of  t  le 
embrvo  of  any  Vertebrate  animal,  the  portion  of  the  ovum  in 
which  development  is  going  on-the  “  blastoderm  “-becomes 
elevated  into  two  parallel  ridges,  one  on  each  side  of 
middle  line,  enclosing  between  them  a  long  groove,  whtcli  is 
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kn°\yn  as  the  “medullary  groove  ”  *  (fig.  306,  c).  The  ridges 
winch  bound  the  medullary  groove  are  known  as  the  “  laminae 
doi  sales  (fig.  306,  B,  d),  and  they  become  more  and  more 
laised  up,  till  ultimately,  bending  over,  they  meet  in  the  middle 
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F‘S'  E,arly  5tagfs  °f  the  development  of  a  Fowl  (after  Huxley).  A,  The  germinal 

area,  enlarged,  showing  the  medullary  groove  (c).  ]!,  The  blastoderm  with  the 

faerygrPooveen-  V  groove  ;  *  Cephalic  end  o™he  meduh 

’  b  C*  , •  *nd  of  the  sarne  •  d  rhe  dorsal  laminae,”  as  yet  onlydevel- 
p  d  in  the  cephalic  region,  and  not  quite  united  in  the  middle  line ;  Proto  vertebrae. 

line,  and  unite  to  form  a  tube,  within  which  the  cerebro-spinal 
neive-axis  developed.  It  follows  from  its  mode  of  formation 
that  the  inner  wall  of  the  tube  formed  by  the  medullary  groove 
which  remains  as  the  partition  between  the  cerebro-spinal 
canal  and  the  body-cavity,  is  nothing  more  than  a  portion  of 
the  primitive  wall  of  the  body  of  the  embryo 
Another  remarkable  peculiarity  as  regards  the  nervous  sys- 
em  is  fou no  m  the  fact,  as  pointed  out  by  Professor  Huxley, 
that  in  no  \  erteorate  animal  does  the  alimentary  canal  pierce 
-he  main  masses  of  the  nervous  system,  but  turns  away  to  open 

Z  \°PP?SlteJlde  °f.the  body>  .  In  most  Invertebrates,  on 
01  ler .  n‘in(I,  m  which  there  is  a  well-developed  nervous 
ystem,  this  is  perforated  by  the  gullet,  so  that  an  oesophageal 

the  nnhJ,  1?nSitud|nal  furrow,  known  as  the  “primitive  groove,”  appears  in 
medulH™  P  °,f  t  le  b1lastoderm'  and  prior  to  the  formation  of  the 

“  m  r°VC  ;  rUt  d.,saPP“re  at  a"  early  period  of  development 

an of  any  part  of  the  'future 
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nerve-collar  is  formed,  and  some  of  the  nervous  centres  become 
prse-cesophageal,  whilst  others  are  post-cesophageal. 

Furthermore,  the  floor  of  the  “  medullary  groove  ”  in  the 
embryo  of  all  Vertebrates  has  developed  in  it  at  an  early 
period  the  structure  known  as  the  “  notochord  ”  or  “  chorda 
dorsalis”  (fig.  305,  B,  ch).  This  structure,  so  characteristic  of 
Vertebrates,  is  a  cellular  rod-like  axis,  which  tapers  at  both 
ends,  and  extends  along  the  floor  of  the  cerebro-spinal  canal, 
supporting  the  cerebro-spinal  nervous  centres.  In  some  Ver¬ 
tebrates,  such  as  the  Lancelet  ( Amphioxus ),  the  notochord  is 
persistent  throughout  life.  In  the  majority  of  cases,  however, 
the  notochord  is  replaced  before  maturity  by  the  structure 
known  as  the  “  vertebral  column  ”  or  “  backbone,”  from 
which  the  sub-kingdom  Vertebrata  originally  derived  its  name. 
This  is  not  the  place  for  an  anatomical  description  of  the 
spinal  column,  and  it  is  sufficient  to  state  here  that  it  is  essen¬ 
tially  composed  of  a  series  of  cartilaginous,  or  more  or  less 
completely  ossified,  segments  or  vertebra ,  arranged  so  as  to 
form  a  longitudinal  axis,  which  protects  the  great  masses  of  the 
nervous  system.  It  is  to  be  remembered,  however,  that  all 
Vertebrate  animals  do  not  possess  a  vertebral  column.  I  hey 

all  possess  a  notochord  ; 
but  this  may  be  persist¬ 
ent,  and  in  many  cases 
the  development  of  the 
spinal  column  is  extremely 
imperfect. 

Another  embryonic 
structure,  which  is  charac¬ 
teristic  of  all  Vertebrates, 
is  found  in  the  so-called 
“  visceral  arches  ”  and 
“clefts”  (fig.  307).  The 
“  visceral  arches  ”  are  a 
parallel  ridges 
transversely  to 
the  axis  of  the  body, 
situated  at  the  sides  of, 
and  posterior  to,  the 
mouth.  As  development 
proceeds,  the  intervals  be- 
grooved  by  depressions  which 
become  converted  into  a  series 
free  communication 
upper  part  of  the  alimentary 


Fig.  ^07. — Side-view  of  the  head  of  an  embryo 
Dog-fish  (after  Parker),  tr  One  of  the  cartila¬ 
ginous  rods  (“trabeculae  cranii”)  developed  in 
the  floor  of  the  skull ;  m  The  first  visceral  arch, 
constituting  the  lower  jaw  or  “  mandible  ”  ;  hy 
The  second  visceral  arch,  constituting  the  hyoid 
arch  ;  br  The  third  visceral  arch,  constituting 
the  first  of  the  “branchial  arches”;  cl  The 
“  hyomandibular  cleft”;  v  The  first  “branchial 
cleft  ” ;  «  Rudiment  of  the  olfactory  organ ;  o 
Eye  ;  n  Auditory  mass. 


tween  these  ridges  become 
gradually  deepen,  until  they 
of  openings  or  “  clefts,”  whereby  a 
is 


series  of 


established  between  the 
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canal  (pharynx)  and  the  external  medium.  In  Fishes  and 
many  Amphibians  the  greater  number  of  the  visceral  clefts 
remain  open  throughout  life;  and  the  visceral  arches  of  all 
fishes  (except  the  Lancelet)  throw  out  filamentous  or  la- 
mellai  processes,  which  receive  branches  of  the  branchial 
artery  and  constitute  branchiae.  In  the  Abranchiate  Verte¬ 
brates  (Reptiles,  Birds,  and  Mammals),  branchial  processes 
are  never  developed  upon  any  of  the  visceral  arches,  and  the 
visceral  clefts  become  closed,  the  first  cleft  alone  being  par¬ 
tially  preserved  as  the  meatus  auditorius  externus.  The  first 
^fjera!  arch  becomes  converted  into  the  lower  jaw  or  “man- 


..  „  - - -  jaw  ui  man- 

,,,  3°7>  m)  \  and  the  second  becomes  the  “hyoid 

nrrh  /Fin-  7, rr*i.  _  _  •  •  ,  .  .  J 


aid1  (fig-  3° 7,  h}')-  The  remaining  arches,  with  the  partial 


4.-  r  1  '  . . &  UIV'UV'JJ  *  v  nil  LHC  uaiuai 

exception  of  the  most  anterior  one  (the  third  arch),  disappear 
in  air-breathing  Vertebrates,  but  they  are  persistent  in  Fishes 
and  constitute  the  so-called  “branchial  arches.” 

.The  limbs  of  Vertebrate  animals  are  always  articulated  to 
the  body,  and  they  are  always  turned  away  from  the  neural 
aspect  of  the  body.  They  may  be  altogether  wanting,  or  they 
ma>  be  partially  undeveloped  ;  but  there  are  never  more  than 
two  pairs,  and  they  always  have  an  internal  skeleton  for  the 
attachment  of  the  muscles  of  the  limb. 

■  A.,sPuecirajised  blood-vascular  or  “  haemal  ”  system  is  present 
in  all  the  Vertebrata ;  and  in  all  except  one— the  Amfihioxus— 
here  is  a  contractile  cavity  or  heart,  which  never  consists  of 
less  than  t\Vo  chambers  provided  with  valvular  apertures.  In 
all  the  Vertebrata  the  heart  is  essentially  a  respiratory  heart— 

hlnl  wt0lay’, 11  1S,C.oncerned  with  dr'ving  the  impure  or  venous 
blood  to  the  breathing  organs;  and  in  its  simplest  form  (fishes) 

eveSr  nt?thins  m0re  thj\n  this-  In  the  higher  Vertebrates,  how- 
ever  there  is  superadded  to  this  a  pair  of  cavities  which  are 
concerned  in  driving  the  pure  or  arterial  blood  to  the  body 
_VTn  c  1S  ,the  case’  these  two  circulations  are  often 

the  “eL  ,  aS"  lesser ,?r pulmonary  ”  circulation,  and 
greater  or  systemic  circulation. 

venn„al1  Vfertebrfte?  there  is  that  peculiar  modification  of  the 
enous  system  which  is  known  as  the  “  hepatic  portal  system.” 

m  ‘  1S  t0  say>  ,a  Portion  of  the  blood  which  is  sent  to  the  ali- 
Vf-in!ary  Cana-’  1i1Stead  of  returning  to  the  heart  by  the  ordinary 

Zrti  '!v?ed  t0-  the  liver  by.  a  special  vessel-the  vena 
an  "h'oh  ramifies  through  this  organ  after  the  manner  of 
anVrAery-  .  .  tiie  majority  of  the  lower  Vertebrates  (Fishes 
brmtAmphlbla,nS^’  the  afferent  veins  of  the  kidney  similarly 

does  in  !>tKIn  rhe  substanPe  °f  this  organ,  as  the  portal  vein 
ie  liver,  a  portion  of  the  venous  blood  being  thus 
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specially  acted  upon  before  being  added  to  the  general  venous 
circulation.  In  these  forms,  therefore,  there  exists  what  is 
known  as  a  “renal-portal”  venous  circulation. 

In  all  Vertebrates,  also,  is  found  the  peculiar  system  of  ves¬ 
sels  known  as  the  “  lacteal  system.”  This  is  to  be  regarded 
as  an  appendage  of  the  venous  system  of  blood-vessels,  and 
consists  of  a  series  of  vessels  which  take  up  the  products  of 
digestion  from  the  alimentary  canal,  elaborate  them,  and  finally 
empty  their  contents  into  the  veins. 

Lastly,  the  masticatory  organs  of  Vertebrates  are  modified 
portions  of  the  walls  of  the  head,  and  never  “  hard  productions 
of  the  alimentary  mucous  membrane,  or  modified  limbs  ”  (Hux¬ 
ley),  as  they  are  amongst  the  Invertebrates. 

The  above  are  the  leading  characters  of  the  Vertebrata  as  a 
whole ;  but  before  going  on  to  consider  the  primary  divisions 
of  the  sub-kingdom,  it  may  be  as  well  to  give  a  very  brief  and 
general  description  of  the  anatomy  of  the  higher  and  more 
typical  Vertebrates,  commencing  with  their  bony  framework, 

or  skeleton.  .  . 

The  hard  structures  of  Vertebrates  are  partly  endoskeletal 
and  partly  exoskeletal,  the  latter  being  hardenings  of  the  in¬ 
tegument  or  mucous  membranes.  The  endoskeleton  in  the 
case  of  many  of  the  lower  Vertebrates  does  not  pass  beyond  the 
condition  of  cartilage ;  but  in  the  higher  groups  it  is  formed 
by  the  deposition  of  phosphate  of  lime  in,  or  close  to,  masses 
of  cartilage,  and  the  formation  in  this  way  of  true  osseous 
tissue.  Those  bones  which,  prior  to  ossification,  exist  in  the 
condition  of  cartilage,  are  known  as  “cartilage-bones  ,  where- 
as  those  which  are  not  prefigured  in  cartilage  are  termed 
“membrane-bones.” 

The  endoskeleton  of  the  Vertebrata  may  be  regarded  as  con¬ 
sisting  essentially  of  the  bones  which  go  to  form  the  head  and 
trunk  on  the  one  hand  (sometimes  called  the  “axial  ’  skeleton), 
and  of  those  which  form  the  supports  for  the  limbs  (‘  appen¬ 
dicular”  skeleton)  on  the  other  hand.  The  bones  of  the  head 
and  trunk  may  be  looked  upon  as  essentially  composed  ot  a 
series  of  bony  rings  or  segments,  arranged  longitudinally,  one 
behind  the  other.  Anteriorly  these  segments  are  much  ex¬ 
panded  and  likewise  much  modified,  to  form  the  bony  case 
which  encloses  the  brain,  and  which  is  termed  the  cranium  ox 
skull  Behind  the  head  the  segments  enclose  a  much  smaller 
cavity,  which  is  called  the  “neural”  or  spinal  canal,  as  it  en¬ 
closes  the  spinal  cord ;  and  they  are  arranged  one  behind  the 
other  forming  the  vertebral  column.  The  segments  which  form 
the  vertebral  column  are  called  “  vertebrae,”  and  they  have  the 
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following  general  structure :  Each  vertebra  (fig.  308,  A)  con¬ 
sists  of  a  central  piece,  which  is  the  fundamental  and  essential 
element  of  the  vertebra,  and  is  known  as  the  “  body  ”  or  “  cen¬ 
trum  ’  (c).  From  the  upper  or  posterior  surface  of  the  centrum 
spring  two  bony  arches  ( n  n ),  which  are  called  the  “  neural 
arches,  or  “  neurapophyses,”  because  they  form  with  the  body 
a  canal  the  “neural  canal” — which  encloses  the  spinal  cord, 
from  the  point  where  the  neural  arches  meet  behind,  there  is 
usually  developed  a  longer  or  shorter  spine,  which  is  termed 
the  “  spinous  process,”  or  “  neural  spine  ”  (s).  From  the  neu¬ 
ral  arches  theie  are  also  developed  in  the  typical  vertebra  two 
processes  (a  a),  which  are  known  as  the  “  articular  ”  processes, 


or  “  zygapophyses.”  The  vertebrae  are  united  to  one  another 
partly  by  these,  but  to  a  greater  extent  by  the  bodies  01- 
centra.”  From  the  sides  of  the  vertebral  body,  at  the  point 
of  junction  with  the  neural  arches,  there  proceed  two  lateral 
processes  ( d  d ),  which  are  known  as  the  “  transverse  processes.” 
(  n  the  typical  vertebra  the  transverse  processes  consist  each 
0  two  pieces,  an  anterior  piece  or  “  parapophysis,”  and  a  pos¬ 
terior  piece  or  “  diapophysis.”)  These  elements  form  the 
vertebra  of  the  human  anatomist,  but  the  “vertebra”  of  the 
transcendental  anatomist  is  completed  by  a  second  arch  which 
is  paced  beneath  the  body  of  the  vertebra  and  which  is  called 
e  haemal  arch,  as  it  includes  and  protects  the  main  organs 
0  the  circulation.  T  his  second  arch  is  often  only  recognisable 
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with  great  difficulty,  as  its  parts  are  generally  much  modified, 
but  a  good  example  may  be  obtained  in  the  Mammalian 
thorax,  or  in  the  caudal  vertebra  of  a  Bony  Fish. 

The  haemal  arch  in  the  case  of  the  thorax  (fig.  308,  B)  is 
formed  by  the  ribs  (r  r )  and  the  costal  cartilages  (p  p),  and 
is  completed  in  front  by  the  breast-bone  or  sternum  (b),  which 
in  some  cases — but  not  in  man — develops  a  spine  (the  haemal 
spine)  which  corresponds  to  the  neural  spine  on  the  opposite 
aspect  of  the  vertebra. 

In  the  caudal  vertebra  of  a  Bony  Fish  (fig.  309),  on  the  other 
hand,  the  centrum  (e)  not  only  gives  off  two 
neural  arches  (tia)  from  its  dorsal  aspect,  but 
also  develops  a  pair  of  hsemal  arches  (ha) 
from  its  ventral  side.  The  neural  arches 
enclose  a  neural  canal,  in  which  is  contained 
the  spinal  cord,  while  the  backward  continua¬ 
tion  of  the  systemic  aorta  is  contained  in  the 
canal  formed  by  the  hsemal  arches.  Each 
pair  of  arches,  further,  develops  a  spinous 
process  —  the  “neural  spine”  and  “haemal 
spine.” 

It  follows  from  the  above,  that  the  typical 
vertebra  consists  of  a  central  piece  or  body 
from  which  two  arches  are  given  off,  one  of 
which  protects  the  great  masses  of  the  ner¬ 
vous  system,  and  is  therefore  said  to  be  “neu¬ 
ral  ” ;  whilst  the  other  protects  the  main 
organs  of  the  circulation,  and  is  therefore 
said  to  be  “  hsemal.”  The  correspondence 
of  the  typical  bony  segment  or  vertebra  with 
the  doubly  tubular  structure  of  the  body  in  all 
Vertebrates  is  thus  too  obvious  to  require  to 
be  specially  pointed  out. 

As  a  general  rule,  the  vertebral  column  is 
divisible  into  a  number  of  distinct  regions, 
of  which  the  following  are  recognisable  in 
man  and  in  the  higher  Vertebra  fa :  1.  A  series 
of  vertebrae  which  compose  the  neck,  and 
constitute  the  “  cervical  region  ”  of  the  spine 
(fig.  310,  c).  2.  A  number  of  vertebrae  which 

usually  carry  well  -  developed  ribs,  and  form  the  “dorsal 
region  ”  (d).  3-  A  series  of  vertebrae  which  form  the  region 

of%he  loins,  or  “lumbar  region”  (/).  4-  A  greater  or  less 

number  of  vertebrae  which  constitute  the  “sacral  region,  and 
are  usually  amalgamated  or  “anchylosed”  together  to  form 


<-■-  ha 


■hs 


Fig.  309. — One  of  the 
caudal  vertebrae  of 
a  Bony  Fish  (after 
Gunther),  c  Cen¬ 
trum  ;  na  Neural 
arch  ;  ns  Neural 
spine ;  ha  Haemal 
arch  ;  hs  Hatrnal 
spine  ;  z  z  Articu¬ 
lar  processes. 
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a  single  bone,  the  “sacrum.”  5.  The  spinal  column  is  com¬ 
pleted  by  a  variable  number  of  vertebra;  which  constitute  the 
“caudal  ”  region,  or  tail  (/). 

1  he  bony  or  cartilaginous  case  in  which  the  brain  is  con- 


Fl^' Cervical  ^rep-inn  .of,a"  A™adill.°.  lowing  the  regions  of  the  vertebral  column,  c 

reg?on  or  tan  ’  reg‘°n  !  ^  reS1°n  !  *  Sacral  reSio"  '•  *  Caudal 


tamed  is  known  as  the  “cranium,”  and  is  wanting  in  no  other 
ertebiates  except  the  Lancelet.  In  addition  to  the  brain- 
case  proper,  the  “skull”  is  composed  in  part  of  the  bony  or 
cartilaginous  capsules  which  enclose  and  protect  the  organs  of 
earing,  sight,  and  smell ;  while  to  its  inferior  surface  are 
usually  appended  the  visceral  arches,  of  which  the  mandible 
and  hyoid  arch  alone  persist  in  the  higher  Vertebrates.  The 
cranium  may  be  regarded  as  formed  of  three  or  four  principal 
segments,  which  have  been  regarded  by  high  authorities  as 
Homologous  with  vertebrae. 

re"e"iSeCl  “  Sk""  “«  ,h<!  lowing,  from 

(!)  The  occipital  segment,  formed  of  the  basi-occipital  inferiorlv  the 
Iaterall>'-  an,c,1  l.he  supra-occipital  above,  the  whole  surrounding 
whh  the  1  1  mTuUm\  throu8h  which  the  spinal  cord  becomes  connected 

or  m!i  ’I  ekments  of  the  occipital  segment  maybe  separate, 

anatomy)  “  form  a  Sln5le  bone  (the  “occipital  bone”  of  human 

ali!nh,w  /,a.rielalu  segment,  consisting  of  the  basi-sphenoid  inferiorly,  the 
aiisphenoids  laterally,  and  the  parietal  bones  above.  * 

senmeenfaUdit°,ry,CaPSUle  *S  wehged  in  between  the  occipital  and  parietal 
refmfn  ’  a"d,  the  bones  which  are  ordinarily  developed  in  its  walls  may 
bone  ”  of  human  anaZy)6  C°mbined  l°  f°rm  a  Sin^le  mass  <the  “temporal 

0rl(£,Tbc  fr?\'tal  -segment,  consisting  of  the  presphenoid  inferiorly,  the 
ospknoids  laterally,  and  the  frontal  bones  superiorly. 

141  1  he  mesethmoid,  or  central  ossification  of  the  ethmoid  bone,  may  be 
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regarded  as  representing  a  fourth  segment.  On  each  side  of  this  are  placed 
the  nasal  sacs,  separated  from  one  another  by  the  mesethmoid  and  vomer, 
roofed  by  the  nasal  bones,  and  bounded  laterally  by  the  pterygoids, 
maxillae,  praemaxillae,  and  lachrymal  bones.  ,  ... 

The  “jugal”  (or  “malar”  bone  of  human  anatomy)  is  the  bone  which 
connects  the  temporal  bone  with  the  maxilla. 


The  lower  jaw  or  “mandible”  of  Vertebrates  is  composed 
of  two  halves  or  “  rami,”  which  are  united  to  one  another  in 
front,  and  articulate  separately  with  the  skull  behind.  I  he 
two  rami  are  very  variously  connected  with  one  another,  being 
sometimes  only  joined  by  ligaments  and  muscles,  sometimes 
united  by  cartilage  or  by  bony  suture,  or  sometimes  fused  or 
anchylosed  with  one  another  so  as  to  leave  no  evident  traces 
of  their  true  composition.  In  the  Mammals,  each  ramus  con¬ 
sists  only  of  a  single  piece  (the  “dentary”  bone).  In  the 
lower  Vertebrates,  on  the  other  hand,  each  ramus  of  the  man¬ 
dible  consists  of  more  than  one  piece,  typically  of  six  pieces 
(fig.  31 1),  united  to  one  another  by  sutures.  In  the  lower 


CO 


sy  I 


Fie  ,u  —The  left  ramus  of  the  lower  jaw  ot  a  Crocodile,  viewed  from  the  ™er  side 
^"(after  Cuvier),  d  “  Dentary”  bone ;  s  Splemal  bone;  co  Coronoid  ,  an 
“  Angular  ";T«  “  Surangular  ”  ;  ay  “Articular”;  sy  Symphysis,  or  surface  of 
junction  with  the  right  ramus. 


Vertebrates,  also,  the  mandible  articulates  with  the  skull,  not 
directly,  but  by  the  intervention  of  a  special  bone  known  as  the 
quadrate  bone  (os  quadratum).  This,  in  turn,  may  be  joined 
directly  with  the  temporal  element  of  the  skull,  or  may  be 
separated  from  the  latter  by  one  or  more  bones,  the  whole 
constituting  the  “  suspensorium  ”  of  the  jaw.  In  Mammals,  on 
the  other  hand,  the  mandible  articulates  directly  with  the 
temporal  element  of  the  skull,  the  quadrate  taking  no  part  in 
its  articulation,  but  being  converted  into  one  ot  the  small 
bones  (“malleus”)  of  the  internal  ear. 

As  regards  the  limbs  of  Vertebrates,  whilst  many  differences 
exist  which  will  be  afterwards  noticed,  there  is  a  general 
agreement  in  the  parts  of  which  they  are  composed.  As  a 
rule,  each  pair  of  limbs  is  joined  to  the  trunk  by  means  of  a 
series  of  bones  which  also  correspond  to  one  another  in  genera 
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structure.  The  fore-limbs,  often  called  the  “pectoral”  limbs, 
are  united  with  the  trunk  by  means  of  a  bony  or  cartilaginous 
arch,  which  is  called  the  “  pectoral  ”  or  “  scapular  ”  arch  ;  whilst 
t  ie  hind-limbs  (or  “  pelvic  limbs  ”)  are  similarly  connected  with 
the  trunk  by  means  of  the  “pelvic  arch.”  In  giving  a  general 
description  of  the  parts  which  compose  the  limbs  and  their 
supporting  arches,  it  will  be  best  to 
take  the  case  of  a  Mammal,  and  the 
departures  from  this  type  will  then  be 
readily  recognised. 

The  pectoral  or  scapular  arch  consists 
usually  of  three  bones,  the  “scapula” 
or  shoulder-blade,  the  “coracoid,”  and 
the  “clavicle”  or  collar-bone;  but  in 
the  great  majority  of  the  Mammals,  the 
coracoid  is  anchylosed  with  the  scapula, 
of  which  it  forms  a  mere  process.  The 
scapula  or  shoulder-blade  (fig.  312,  j-) 
is  usually  placed  outside  the  ribs,  and 
it  forms,  either  alone  or  in  conjunction 
with  the  coracoidal  element  of  the 
shoulder-girdle,  the  cavity  with  which 
the  upper  arm  is  articulated.  The 
coracoid,  though  rarely  existing  as  a 
distinct  bone  in  the  Mammals,  plays 
a  very  important  part  in  other  Verte¬ 
brates,  as  we  shall  see  hereafter.  The 
clavicles  are  often  wanting  or  rudimen¬ 
tary,  and  they  are  the  least  essential 
elements  of  the  scapular  arch.  The 
fore-limb  proper  consists,  firstly,  of  a 
single  bone  which  forms  the  upper  arm 
(or  “brachium”),  and  which  is  known 
as  the  humerus  (K).  This  articulates 
above  with  the  shoulder-girdle,  and  is 
followed  below  by  the  fore -arm  (or 
“antibrachium”),  which  consists  of  two 
bones  called  the  radius  and  ulna.  Of 
these  the  radius  is  chiefly  concerned  with  carrying  the 
anc  (or  “  manus  ”).  1  he  radius  and  ulna  are  followed 

y  tie  bones  of  the  wrist,  which  are  usually  composed  of 
several  bones,  and  constitute  what  is  called  the  carpus  (d). 

ese  support  the  bones  of  the  root  of  the  hand,  which 
v,ary  ln  number,  but  are  always  more  or  less  cylindrical  in 
shape.  They  constitute  what  is  called  the  metacarpus.  The 


Fig.  312. — Pectoral  limb  (arm) 
of  Chimpanzee  (after  Owen). 
c  Clavicle  ;  s  Scapula  or 
shoulder-blade;  h  Humerus; 
r  Radius;  u  Ulna;  d  Bones 
of  the  wrist,  or  carpus ;  m 
Metacarpus;  p  Phalanges  of 
the  fingers. 
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bones  of  the  metacarpus  carry  the  digits,  which  also  vary 
in  number,  but  are  composed  each  of  from  two  to  three 
cylindrical  bones,  which  are  known  as  the  phalanges  (p). 

Homologous  parts  are,  as  a  rule,  readily  recognisable  in  the 
hind-limb.  The  pelvic  arch,  by  which  the  hind-limb  is  united 
with  the  trunk,  consists  of  three  pieces — the  ilium,  ischium , 
and  pubes — which  are  usually  anchylosed  to¬ 
gether,  and  form  conjointly  what  is  known 
as  the  innominate  bone  (fig.  313,  i).  In  most 
Mammals,  the  two  innominate  bones  unite  in 
front  by  ligamentous  or  cartilaginous  union, 
and  they  constitute,  with  the  sacrum,  what  is 
known  as  the  pelvis.  The  hind-limb  proper 
consists  of  the  following  parts  : — 1.  The  thigh¬ 
bone  or  femur ,  corresponding  with  the  hu¬ 
merus  in  the  fore-limb.  2.  The  bones  of  the 


id 


shank  (or  “crus”),  corresponding  with  the 


limb  (hind -limb) 
of  Chimpanzee 
(after  Owen),  i 
Innominate  bone; 
f  Femur  or  thigh¬ 
bone  ;  t  Tibia ;  -r 
Fibula;  r  Tarsus; 


The  digestive  system  of  Vertebrates  will  be 
spoken  of  at  greater  length  hereafter ;  but  a 
brief  sketch  may  be  given  here  ot  the  general 


phenomena  of  digestion.  All  ertebrate  ani- 


radius  and  ulna  of  the  fore-limb,  and  known 
as  the  tibia  and  fibula.  Of  these,  the  tibia  is 
mainly  or  altogether  concerned  in  carrying  the 
foot  (or  “  pes  ”),  and  it  is  thus  shown  to  corre¬ 
spond  to  the  radius,  whilst  the  fibula  corre¬ 
sponds  to  the  ulna.  3.  The  small  bones  of 
the  ankle,  known  as  the  tarsus,  and  varying 
in  number  in  different  cases.  4.  A  variable 
number  of  cylindrical  bones  (normally  five), 
which  are  called  the  metatarsus,  and  which 
correspond  to  the  metacarpus.  5.  Lastly,  the 
metatarsus  carries  the  digits,  which  consist  of 
from  two  to  three  small  bones  or  phalanges,  as 
Fig.  313.  —  Pelvic  in  the  fore-limb. 


m  Metatarsus ;  /  mals  are  provided  with  a  mouth  for  the  recep- 
Phaiauge5  of  the  tion  of  fQO(j)  and  jn  the  great  majority  of 

cases  the  mouth  is  furnished  with  teeth,  which 
are  used  sometimes  merely  to  hold  the  prey,  but  more 
commonly  to  cut  and  bruise  the  food,  and  thus  render  it 
capable  of  digestion.  The  food  is  also  generally  subjected 
in  the  mouth  to  the  action  of  “  salivary  ”  glands  (wanting  in 
Fishes),  the  secretion  of  which  serves  not  only  to  moisten  the 
food,  and  thus  mechanically  assist  deglutition,  but  also  to  ren¬ 
der  soluble  the  starchy  elements  of  the  food.  1  he  food  is 


VERTEBRATA :  GENERAL  CHARACTERS. 


525 

next  swallowed,  or,  in  other  words,  is  transferred  from  the 
mouth  to  the  stomach,  this  being  effected  by  a  complicated 
arrangement  of  muscles,  whereby  the  food  is  forced  down  the 
gullet  (d "esophagus )  to  the  proper  digestive  cavity  or  stomach. 
In  .tbe  stomach  (fig.  314,  s)  the  food  is  subjected  to  two  sets  of 
actions;  it  is  mechanically  triturated 
and  ground  down  by  the  constant 
contractions  of  the  muscular  walls 
of  the  stomach  ;  and  it  is  subjected 
to  the  chemical  action  of  a  special 
fluid  secreted  by  the  stomach,  and 
called  the  “gastric  juice.”  This 
fluid  has  the  power  of  reducing 
albuminoid  substances  to  a  soluble 
form,  and  by  its  action  the  food  is 
ultimately  reduced  to  a  thick  acid 
fluid,  called  the  “  chyme.”  Leav¬ 
ing  the  stomach  by  its  lower  aper¬ 
ture  (the  pylorus ),  the  chyme  passes 
into  the  intestine,  the  first  portion 
of  which  is  divided  into  several 
sections,  but  is  collectively  known 
as  the  “  small  intestine.”  Here  the 
chyme  is  subjected  to  the  action 
of  three  other  digestive  fluids  :  the 
bik,  secreted  by  a  special  organ, 
the  liver ;  the  pancreatic  juice ,  se¬ 
creted  by  another  gland,  the  pan¬ 
creas  ;  and  the  intestinal  juice ,  se¬ 
creted  by  certain  glands  situated 
in  the  mucous  membrane  of  the 
intestine  itself.  The  result  of  the 
whole  process  is  that  the  “  chyme  ” 
is  ultimately  converted  into  a  white, 

alkaline,  milky  fluid,  which  is  called  “chyle.”  The  indi- 
j^estne  portions  of  the  food  pass  from  the  small  intestine 
t?°„a  t,ube,  of  larger  dimensions,  called  the  “large  intes- 
”e\ .  1  P°rtl°ns  of  the  food  as  are  still  soluble,  and 

•  ba  J. e  0  being  employed  in  nutrition,  are  here  taken  up 
l  0  le  J  °°d.  the  useless  remainder  being  ultimately  expelled 
■  y  an  ai?al  aperture.  The  last  portion  of  the  large  intestine 

<«  usually  less  convoluted  than  the  rest,  and  is  called  the 
rectum.” 

.l  Ibe  ^uid  and  originally  soluble  portions  of  the  food,  and 
c  <-  iy  c  which  is  formed  in  the  process  of  digestion,  are  taken 
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into  the  blood,  the  losses  of  which  they  serve  to  repair.  Part 
of  the  nutritive  materials  of  the  food  is  taken  up  directly  by 
the  blood-vessels,  and  is  conveyed  by  the  “  vena  portae  ”  to  the 
liver,  whence  it  ultimately  reaches  the  great  veins  which  go  to 
the  heart.  The  greater  part,  however,  of  the  liquefied  food, 
constituting  the  chyle,  is  taken  up,  not  by  the  blood-vessels, 
but  by  a  special  set  of  tubes,  which  form  a  network  in  the 
walls  of  the  intestine,  and  are  known  as  the  “lacteals.”  In 
these  vessels,  and  in  certain  glands  which  are  developed  upon 
them,  the  chyle  undergoes  still  further  elaboration,  and  is  made 
more  similar  in  composition  to  the  blood  itself.  All  the  lacteal 
vessels  ultimately  unite  into  one  or  more  large  vessels  which 
open  into  one  of  the  veins,  so  that  all  the  chyle  is  thus  finally 
added  to  the  mass  of  the  circulating  blood. 

The  blood ,  then,  or  nutrient  fluid  from  which  the  tissues  are 
built  up,  is  formed  in  this  way  out  of  the  materials  which  are 
taken  into  the  alimentary  canal  as  food.  In  all  the  \  ertebrata, 
with  exception  of  the  Lancelet  ( Amphioxus )  and  of  one  or  two 
oceanic  fishes  ( e.g .,  Leptocephalus ),  the  blood  is  of  a  red  colour 
when  viewed  in  mass.  This  is  due  to  the  presence  in  it  of  an 
incredible  number  of  microscopical  bodies,  which  are  known 
as  the  “blood-corpuscles,”  the  fluid  in  which  these  float  being 
itself  colourless  (fig.  315)- 


fig.  3,5. — Blood-corpuscles  of  Vertebrata.  n  Red  blood-discs  of  man;  b  l.lood' 
discs  of  Goose ;  c  Crocodile ;  d  Frog ;  e  Skate. 


Ill  all  the  Vertebrata  the  blood  is  distributed  through  the 
body  by  means  of  a  system  of  closed  tubes,  which  constitute 
the  “blood-vessels”;  and  in  all  except  the  Lancelet,  the  means 
of  propulsion  are  derived  from  a  contractile  muscular  cavity 
or  “  heart,”  furnished  with  valvular  apertures.  In  the  most 
complete  form  of  circulation,  as  seen  in  Birds  and  Mammals,  | 
the  heart  is  essentially  a  double  organ,  composed  ot  two 
halves,  each  of  which  consists  of  two  cavities,  an  auricle  and 
a  ventricle.  The  right  side  of  the  heart  is  wholly  concerned 
with  the  “lesser”  or  pulmonary  circulation,  whilst  the  left 
side  is  concerned  with  driving  the  blood  to  all  parts  ot  the 
body  (systemic  circulation).  The  modifications  of  the  circula- ; 
tory  process  will  be  noticed  in  speaking  of  the  different  classes 
of  Vertebrates,  but  a  brief  sketch  may  be  given  here  of  the 
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circulation,  in  its  most  complete  form,  as  in  a  Mammal.  In 
such  a  case,  the  venous  or  impure  blood,  which  has  circulated 
through  the  body  and  has  parted  with  its  oxygen,  is  returned 
by  the  great  veins  to  the  right  auricle.  From  the  right  auricle 
(fig.  316,  a)  the  blood  passes  by  a  valvular  aperture  into  the 
right  ventricle  (v),  whence  it  is  driven 
through  the  pulmonary  artery  to  the 
lungs.  The  right  side  of  the  heart  is 
therefore  wholly  respiratory  in  its  func¬ 
tion.  Having  been  submitted  to  the 
action  of  the  lungs,  and  having  given 
oft  carbonic  acid  and  taken  up  oxygen, 
the  blood  now  becomes  arterial,  and 
is  returned  by  the  pulmonary  veins  to 
the  left  auricle  (a).  From  the  left  au¬ 
ricle  the  aerated  blood  passes  through 
a  valvular  aperture  into  the  left  ven¬ 
tricle  (»'),  whence  it  is  propelled  to  all 
parts  of  the  body  by  means  of  a  great 
systemic  vessel,  the  “aorta.”  The  left 
side  of  the  heart  is  therefore  wholly 
occupied  in  carrying  out  the  “greater” 
or  systemic  circulation. 

_  The  purification  of  the  blood  is  car¬ 
ried  out  in  all  Vertebrates  by  means  of 
distinct  respiratory  organs,  assisted  to 
a  greater  or  less  extent  by  the  skin. 

In  the  Fishes,  and  in  the  Amphibians 
to  some  extent,  the  process  of  respira¬ 
tion  is  carried  on  by  means  of  branchice 
or  gills — that  is,  by  organs  adapted 
for  breathing  air  dissolved  in  water. 

Jhese  are  therefore  often  spoken  of  as 
“  Branchiate  ”  Vertebrates  ;  but  the 
Amphibians  always  develop  true  lungs 
in  the  later  stages  of  their  existence. 

In  the  Reptiles,  Birds,  and  Mammals, 
developed,  and  the  respiration  is  always 


lungs  that  is,  by  organs  adapted  for  breathing 


Pig.  316. — Diagram  of  the  cir¬ 
culation  of  a  Mammal.  The 
venous  system  is  marked 
black  ;  the  arterial  system  is 
left  white,  a  Right  auricle  : 
7'  Right  ventricle  ;  p  Pulmo¬ 
nary  artery,  carrying  venous 
blood  to  the  lungs  \  pit  Pulmo¬ 
nary  veins,  carrying  arterial 
blood  from  the  lungs  ;  a'  Left 
auricle  ;  vf  Left  ventricle  ;  b 
Aorta,  carrying  arterial  blood 
to  the  body ;  c  Vena  cava, 
carrying  venous  blood  to  the 
heart. 

branchiae  are  never 
carried  on  by  means 
air 


of  true 

directly.  These  are  therefore  often  spoken  of  as  the  “  Abran¬ 
chiate  ”  Vertebrates. 

I  he  waste  substances  ot  the  body — of  which  the  most  im- 
portant  are  water,  carbonic  acid,  and  urea— are  got  rid  of  by 
ie  skin,  lungs,  and  kidneys.  Under  ordinary  circumstances, 
ne  lungs  are  mainly  occupied  with  the  excretion  of  carbonic 
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acid  and  watery  vapour.  The  skin  chiefly  gets  rid  of  super¬ 
fluous  moisture,  but  can  also  in  many  animals  excrete  carbonic 
acid  as  well.  The  kidneys  are  present  in  almost  all  Vertebrate 
animals,  and  their  function  is  mainly  to  excrete  water  and  the 
nitrogenous  substance  known  as  urea.  In  the  majority  of 
cases°  the  fluid  excreted  by  the  kidneys  is  conveyed  to  the 
exterior  by  means  of  two  tubes  known  as  the  ureters,  which 
emotv  themselves  into  a  common  receptacle,  the  urinary  blad- 


A.111  p  l  y  uicmovi.vu - - -  i  '  .  1  , 

der.  In  some  cases,  however,  the  ureters  open  along  with  the 


termination  of  the  alimentary  canal. 

The  nervous  system  of  Vertebrate  animals  usually  exhibits 
a  well-marked  division  into  two  parts — the  cerebro-spinal  sys¬ 
tem,  and  the  sympathetic  system.  The  cerebro-spinal  systein 


of  nerves  constitutes  the  great  mass  of  the  nervous  system  of 


Vertebrates,  and  usually  exhibits  a  well  -  marked  ^  separation 
into  spinal  cord  ( myelon )  and  brain  {encephalon).  The  propor¬ 
tion  borne  by  the  brain  to  the  spinal  cord  differs  much  in  dif¬ 
ferent  cases ;  and  in  the  Lancelet  a  brain  can  hardly  be  said 
to  be  present  at  all.  As  already  said,  the  brain  and  spinal 
cord  are  always  completely  shut  off  from  the  visceral  cavit), 
and  they  are  placed  upon  the  dorsal  surface  of  the  body.  1  he 
nerves  given  off  from  the  cerebro-spinal  axis  are  symmetrica  \ 
disposed  on  the  two  sides  of  the  body,  and  they  are  mainly 
concerned  with  the  functions  of  “animal”  life— that  is  to  say 
with  sensation  and  locomotion.  The  sympathetic  system  of 
nerves  is  unsymmetrically  disposed  to  a  greater  01  less  extent, 
and  presides  mainly  over  the  functions  of  “  organic  or  “  vege¬ 
tative”  life,  being  chiefly  concerned  with  regulating  the  func¬ 
tions  of  digestion  and  respiration,  and  the  circulation  of  the 
blood.  In  its  most  fully  developed  form  it  consists  of  a  double 
crangliated  cord  placed  in  the  visceral  cavity  on  the  under  sur¬ 
face  of  the  spine,  and  of  a  series  of  nervous  ganglia,  united  by 
nervous  cords,  and  scattered  chiefly  over  the  great  visceia  ot 

the  thorax  and  abdomen.  . 

The  organs  of  the  senses  are  well  developed  in  the  /  erteorata, 
and  those  appropriated  to  the  senses  oi  sight,  hearing ,  si/nl , 
and  taste  are  protected  within  bony  cavities  of  the  head.  lie 
perfection  of  the  senses  differs  much  in  different  cases,  but  they 
are  probably  never  wholly  wanting  in  any  Vertebrate  animal. 
There  are  cases  in  which  vision  must  be  ol  the  most  rudimen¬ 
tary  character  ;  but  even  in  these  cases  it  is  probable  that  there 
is  a  perception  of  light,  even  if  there  is  no  power  of  distinguish¬ 
ing  objects.  The  only  cases  in  which  it  would  appear  that 
vision  is  really  altogether  absent,  are  those  of  animals  placed 
under  the  wholly  abnormal  condition  of  spending  their  exist- 


VERTEBRATA :  GENERAL  CHARACTERS.  529 

ence  in  darkness  (such  as  the  Proteus  anguinus  of  the  caves  of 
Illyria)  Smell,  hearing,  and  taste  are  probably  rarely,  if  ever 
altogether  absent  inVertebrates;  though  in  many  cases  their 
organs  are  very  rudimentary.  Touch,  or  “tactile  sensibility,” 
is  usually  possessed  to  a  greater  or  less  degree  by  the  entire 
surface  of  the  body;  but  the  sense  of  touch  is  generally  localised 
in  certain  particular  parts,  such  as  the  appendages  of  the  mouth, 
the  lips,  the  tongue,  or  the  digits. 

In  all  Vertebrate  without  exception  reproduction  is  carried 
on  by  means  of  the  sexes,  and  in  all  (except  in  some  of  the 
Serramdae  among  the  Fishes)  the  sexes  are  in  different  indivi¬ 
duals.  No  \  ertebrate  animal  possesses  the  power  of  reproduc¬ 
ing  itself  by  fission  or  gemmation  ;  and  in  no  case  are  compo¬ 
site  organisms  or  colonies  produced.  Most  of  the  Vertebrates 
are  oviparous  that  is  to  say,  the  ova  are  expelled  from  the 
body  of  the  parent  either  before  or  very  shortly  after  impreg¬ 
nation.  In  other  cases,  the  eggs  are  retained  within  the  boefy 
of  the  parent  until  the  young  are  hatched,  but  no  direct  con¬ 
nection  is  formed  between  the  foetus  and  the  mother,  and  in 
tliese  cases  the  animals  are  said  to  be  ovo-viviparous.  In  other 
cases,  again,  not  only  is  the  egg  hatched  within  the  parent,  but 
the  embryo  is  retained  within  the  body  of  the  mother,  from 
Mhom  it  receives  nourishment  by  indirect  vascular  connection 
until  its  development  has  been  carried  out  to  a  greater  or  less 
extent;  and  these  animals  are  said  to  be  viviparous. 

Many  Vertebrate  animals  possess  an  exoskeleton,  formed  bv 
a  hardening  of  one  or  other  layer  of  the  integument  The 
2?ent,  13  composed  of  two  layers-an  external  non-vas- 
U  ,  epidermis,  and  a  deeper  vascular  “  dermis  and  the 

TnftTnfmry  bC  f0™,ed  by  thG  deP°siti°n  of  horny  matter, 
of  sahs  Of  lime,  in  either  or  in  both  of  these.  The  epider¬ 
mal  exoskeleton  is  always  horny,  and,  when  present,  is  Gener¬ 
ally  in  the  form  of  hairs  {Mammalia),  feathers  (Birds)  scales 

o3"tld  TY  Uzards)’  (Chelonians).  The 

oute?  $  °f,  th,e  ]?WS  m  Blrds  and  some  Reptiles,  the 

claws  V^nn^,  °f  ,th,e,  10rns  in  some  Mammals,  the  hoofs, 
derm’i  d  ?ai,  S  °f  Mammalia>  are  likewise  epidermic.  The 
examnl  ex03keleton  may  be  either  horny  or  bony ;  and  good 

bonvPsrnf°f  rfue  ~  be  foUnd  in  the  scales  of  Fishes,  the 
Armadillos S  tbe  Rrocoddes>  and  the  armour-plates  of  the 

wiVIS0°NSJ°f.THE  Vertebrata.— The  sub-kingdom  Verte- 
AmnVi  dlvlded  lnt,°  the  five  great  classes  of  the  Fishes  {Pisces) 

Mamma TIm™*  f*)'  ^ept;‘es  (RePtilia\  Birds  {Aves),  and 
ammals  {Mammalia).  So  far  there  is  perfect  unanimity  • 

2  L 
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but  when  it  is  inquired  into  what  larger  sections  the  Vertebrata 
may  be  divided  there  is  much  difference  of  opinion.  Here, 
the  divisions  proposed  by  Professor  Huxley  will  be  adopted  ; 
but  it  is  necessary  that  those  employed  by  other  writers  should 
be  mentioned  and  explained. 

One  of  the  commonest  methods  of  classifying  the  Verte¬ 
brata  is  to  divide  them  into  the  two  primary  sections  of  the 
Branchiata  and  Abranchiata.  Of  these,  the  Branchiate  sec¬ 
tion  includes  the  Fishes  and  Amphibians,  and  is  characterised 
bv  the  fact  that  the  animal  is  always  provided  at  some  period 
of  its  life  with  branchiae  or  gills.  The  Abranchiate  section 
includes  the  Reptiles,  Birds,  and  Mammals,  and  is  charactei- 
ised  by  the  fact  that  the  animal  is  never  provided  at  any  time 
of  its  life  with  gills.  Additional  characters  of  the  Branchiate 
Vertebrates  are,  that  the  embryo  is  not  furnished  with  he 
structures  known  as  the  amnion  and  allantois  Hence  the 
Branchiate  Vertebrates  are  often  spoken  of  as  the  Anammota 
and  as  the  Anallantoidea .  In  the  Abranchiate  \  ertebrates, 
on  the  other  hand,  the  embryo  is  always  provided  with  an 
amnion  and  allantois,  and  hence  this  section  is  spoken  of  as 

the  Amniota  or  as  the  Allantoidea .* 

By  Professor  Owen  the  Vertebrata  are  divided  into  the  two 
primary  sections  of  the  Hcmatocrya  and  the  Hcem^othervm 
the  characters  of  the  blood-system  being  taken  as  the  d  stinc- 
tive  feature.  The  Hcematocrya  or  Cold-blooded  Yertebiates 
comprise  the  Fishes,  Amphibia,  and  Reptiles,  and  are  charac¬ 
terised  by  their  cold  blood  and  imperfect  circulation,  lhe 
Hccmatotherma  or  Warm-blooded  \  ertebrates  comprise  t  ie 
Birds  and  the  Mammals,  and  are  characterised  by  their  hot 
blood,  four-chambered  heart,  and  complete  separation  of  the 
pulmonary  and  systemic  circulations,  lhe  chief  objection  to 
this  division  lies  in  the  separation  which  is  effected  between 
the  Reptiles  and  the  Birds,  two  classes  which  are  certainly  veiy 
nearly  allied  to  one  another. 

*  The  amnion  is  a  membranous  sac,  containing  a  fluid — the  liquor  anmn 

S  ^Mne £e  nndir  ,in  of  .1,.-  body  of  .be  e^yo  In  .he  p™- 
of  development,  the  allantois  increases  largely  m  size,  and  becomes 
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Ly  Professor  Huxley  the  Vertebrata  are  divided  into  the 
following  three  primary  sections  : — 

I.  Ichthyopsida.—  Phis  section  comprises  the  Fishes  and 
the  Amphibians,  and  is  characterised  by  the  presence  at  some 
penod  of  life  ot  gills  or  branchiae,  the  absence  of  an  amnion, 
t  le  absence  or  rudimentary  condition  of  the  allantois,  and  the 
possession  of  nucleated  red  blood-corpuscles. 

II.  Sauropsida. — This  section  comprises  the  Birds  and  the 
\eptiles,  and  is  characterised  by  the  constant  absence  of  gills, 
the  possession  of  an  amnion  and  allantois,  the  articulation  of 
the  skil  l  with  the  vertebral  column  by  a  single  occipital  con¬ 
dyle  ;  the  composition  of  each  ramus  of  the  lower  jaw  of  seve- 
ra  Piecpsi  and  the  articulation  of  the  lower  jaw  with  the  skull 
by  the  intervention  of  an  “os  quadratum”;  and,  lastly,  the 
possession  ot  nucleated  red  blood-corpuscles. 

HI.  Mammalia.— This  section  includes  the  single  class  of 
t  le  Mammals,  and  agrees  with  the  preceding  in  never  possess¬ 
ing  gills,  and  in  having  an  amnion  and  allantois.  The  Mam- 
however,  differ  from  the  Sauropsida  in  the  fact  that  the 
skul  articulates  with  the  vertebral  column  by  two  occipital 
condyles ;  each  ramus  of  the  lower  jaw  is  simple,  composed  of 
a  single  piece,  and  the  lower  jaw  is  united  with  the  temporal 
(squamosal)  element  of  the  skull,  and  is  not  articulated  to  a 
quacirate  bone.  There  are  special  glands  — the  mammary 
glands  — for  the  nourishment  of  the  young  for  a  longer  or 
shorter  period  after  birth,  and  the  red  blood-corpuscles  are 
non-nucleated. 
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DIVISION  I. — / CH TH YOPSIDA. 


CHAPTER  XL VI I. 
CLASS  /.  —  PIS  C  E  S. 


possible  friction  in  swimming. 
To  this  end  also,  as  well  as  for 
purposes  of  defence,  the  body  is 


usually  covered  with  a  coating  , 

of  scales  developed  in  the  in-  / 

ferior  or  dermal  layer  of  the  \ 

skin  ;  whereas  the  epidermis  is 
represented  only  by  the  slimy 
mucus  covering  the  exterior  of 
the  animal.  The  more  impor-  C 

tant  modifications  in  the  form 
of  these  dermal  scales  are  as 
follows :  I.  Cycloid  scales  (fig. 

3 a)>  consisting  of  thin,  fiex- 
,,  horny  or  bony  scales,  cir¬ 
cular  or  elliptical  in  shape,  and  F!gy- 
naving  a  more  or  less  completely  dJe. 
smooth  outline.  These  are  the  Li 
scales  which  are  characteristic  of 
the  most  of  the  ordinary  Pony  Fishes. 


II.  Ctenoid  scales  (fig. 
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317,  />),  also  consisting  of  thin  horny  plates,  but  having  their 
posterior  margins  fringed  with  spines,  or  cut  into  comb- 1  -e 
projections.  III.  Ganoid  scales,  composed  of  an  inferior  layer 
of  bone,  covered  by  a  superficial  layer  of  hard  polished  en¬ 
amel  (the  so-called  “ganoine”).  These  scales  (fig. 
usually  much  larger  and  thicker  than  the  ordinary  scales,  and 
though  they  are  often  articulated  to  one  another  by  special 
processes,  they  only  rarely  overlap.  IV.  Placoid  scales,  con¬ 
sisting  of  detached  bony  or  dentinal  grains,  tubercles,  or 
plates,  of  which  the  later  are  not  uncommonly  armed  with 
spines  (fig.  317,  c  and  d). 

In  many  fishes  there  is  also  to  be  observed  a  line  of  pecu  1 
scales,  forming  what  is  called  the  “lateral  line  (fig-  31  )• 
Each  of  the  scales  in  this  line  is  perforated  by  a  tube  leading- 
down  to  a  longitudinal  canal  which  runs  along  the  side  ot  the 


body,  and  is  continued  into  the  head.  Connected  with  the 
lateral  line  is  a  recurrent  branch  of  the  pneumogastnc  neive 
(sometimes  chiefly  derived  from  the  5th  nerve),  termed  the 
“  lateral  nerve.”  This  runs  superficially  underneath  the  lateral 
line  or  is  placed  deeply  between  the  lateral  muscles,  01  there 
mav  be  both  a  deep  and  a  superficial  branch.  1  he  canals  ol 
the  lateral  lines  have  usually  been  believed  to  have  the  func¬ 
tion  of  secreting  mucus,  and  high  authorities  still  adhere  to 
this  view.  The  system  is,  however,  richly  supplied  with  nerves, 
which  terminate  in  peculiar  sense-organs,  so  that  its  function 

is  probably  to  a  large  extent  sensory. 

As  regards  their  true  osseous  system  or  endosheleton,  nsne 
vary  very  widely.  In  the  Lancelot  there  can  hardly  be  said  to 
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be  any  skeleton,  the  spinal  cord  being  simply  supported  by 
the  gelatinous  notochord,  which  persists  throughout  life.  In 
others  the  skeleton  remains  permanently  cartilaginous ;  in 
others  it  is  partially  cartilaginous  and  partially  ossified;  and, 
lastly,  in  most  modern  fishes  it  is  entirely  ossified,  or  converted 
into  bone,  faking  a  Bony  Fish  (fig.  319)  as  in  this  respect  a 
typical  example  of  the  class,  the  following  are  the  chief  points 
in  the  osteology  of  a  fish  which  require  notice  : — 

The  vertebral  column  in  a  Bony  Fish  consists  of  vertebra; 
which  are  hollow  at  both  ends,  or  biconcave,  and  are  techni¬ 
cally  said  to  be  “amphiccelous.”  The  cup-like  margins  of  the 
vertebral  bodies  are  united  by  ligaments,  and  the  cavities 
formed  between  contiguous  vertebrae  are  filled  with  the  gela¬ 
tinous  remains  ot  the  notochord.  This  elastic  gelatinous 
substance  acts  as  a  kind  of  ball-and-socket  joint  between  the 
bodies  of  the  vertebrae,  thus  giving  the  whole  spine  the  ex¬ 
treme  mobility  which  is  requisite  for  animals  living  in  a  watery 
medium.  The  ossification  of  the  vertebrae  is  often  much  more 
imperfect  than  the  above,  but  in  no  case  except  that  of  the 
Bony  Pike  ( Lepidosteus )  is  ossification  carried  to  a  greater 
extent  than  this.  In  this  fish,  however,  the  vertebral  column 
is  composed  of  “opisthoccelous  ”  vertebra; — that  is,  of  vertebrae 
the  bodies  of  which  are  concave  behind  and  convex  in  front. 
Ihe  entire  spinal  column  is  divisible  into  not  more  than  two 
distinct  regions,  an  abdominal  and  a  caudal  region.  The  abdo¬ 
minal  vertebrae  possess  a  superior  or  neural  arch  (through 
vhich  passes  the  spinal  cord),  a  superior  spinous  process 
(neural  spine),  and  two  transverse  processes  to  which  the  ribs 
are  usually  attached.  The  caudal  vertebrae  (fig.  319)  have  no 
marked  transverse  processes;  but,  in  addition  to  the  neural 
arches  and  spines,  they  give  off  an  inferior  or  hccmal  arch 
below  the  body  of  the  vertebrae,  and  the  haemal  arches  carry 
inferior  spinous  processes  (haemal  spines). 

1  he  ribs  of  a  Bony  Fish  are  attached  to  the  transverse  pro¬ 
cesses,  or  to  the  bodies  of  the  abdominal  vertebrae,  in  the  form 
of  slender  curved  bones  which  articulate  with  no  more  than 
one  vertebra  each,  and  that  only  at  a  single  point.  Unlike  the 
n  JS  ^e  higher  Vertebrates,  the  ribs  do  not  enclose  a  thoracic 
cavity,  but  are  simply  embedded  in  the  muscles  which  bound 
e  abdomen.  Usually  each  rib  gives  off  a  spine-like  bone, 
which  is  directed  backwards  amongst  the  muscles.  Inferiorly 
e  extremities  of  the  ribs  are  free,  or  are  rarely  united  to  der- 
jnal  ossifications  in  the  middle  line  of  the  abdomen  ;  but  there 
is  nevei  any  breast-bone  or  sternum  properly  so  called. 

he  only  remaining  bones  connected  with  the  skeleton  of 
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the  trunk  are  the  so-called  interspinous  bones ,  or  “interneural  ” 
and  “  interhsemal  ”  bones  (fig.  3r9)-  Ihese  form  a  series  of 
dagger-shaped  bones,  plunged  in  the  middle  line  of  the  body 
between  the  great  lateral  muscles  which  make  up  the  greater 
part  of  the  body  of  a  fish.  The  internal  ends  or  points  of  the 
interspinous  bones  are  attached  by  ligament  to  the  points  01 
the  neural  and  haemal  spines  of  the  vertebra; ;  whilst  to  their 
outer  ends  are  articulated  the  “  rays  of  the  so-called  median 
fins,  which  will  be  hereafter  described.  As  a  rule,  there  is  only 
one  interspinous  bone  to  each  neural  or  haemal  spine,  but  in 
the  Flat-fishes  (Sole,  Turbot,  &c.)  there  are  two. 

Besides  the  fins  which  represent  the  limbs  (pectoral  and 
ventral  fins),  fishes  possess  other  fins  placed  in  the  middle  line 
of  the  body,  and  all  of  these  alike  are  supported  by  bony  spines 
or  “  rays,”  which  are  of  two  kinds,  termed  respectively  “  spinous 
rays”  and  “soft  rays.”  The  “spinous  rays”  (fig.  319,  k)  are 


simple  bony  spines,  apparently  composed  of  a  single  piece 
each  but  really  consisting  of  two  halves  firmly  united  along 
the  middle  line.  The  “  soft  rays  ”  are  composed  of  several 
slender  spines  proceeding  from  a  common  base,  and  all 
divided  transversely  into  numerous  short  pieces.  1  lie  solt 
rays  occur  in  many  fishes  in  different  fins,  but  they  are  mvari- 
ably  found  in  the  caudal  fin  or  tail  (fig.  319*  «)■  lhe  rafs  ° 
the  median  fins,  whatever  their  character  may  be,  always 
articulate  by  a  hinge-joint  with  the  heads  of  the  interspinous 

The  skull  of  the  Bony  Fishes  is  an  extremely  complicated 
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structure,  and  it  is  impossible  to  enter  into  its  composition 
here.  I  he  only  portions  of  the  skull  which  require  special 
mention  are  the  bones  which  form  the  gill-cover  or  operculum, 
and  the  hyoid  bone  with  its  appendages.  For  reasons  con¬ 
nected  with  the  respiratory  process  in  fishes,  as  will  be  after¬ 
wards  seen  there  generally  exists  between  the  head  and  the 
scapular  arch  a  great  cavity  or  gap  on  each  side,  within  which 
are  contained  the  branchiae.  The  cavity  thus  formed  opens 

or  “Tin Ihr0”  ?C1  nde  °[  the  "eck  b>'  a  sinSle  vertical  fissure 
or  gill-slit,  closed  by  a  broad  flap,  called  the  “gill-cover”  or 

membrane' ^  ^  *  membrane  terniecl  the  “  branchiostegal 

The  gill-cover  (fig.  320)  is  composed  of  a  chain  of  broad  flat  bones 

'  °f  rhlSe’  tbe  innermost>  or  most  anterior 
articulates  with  the  suspensonum  of  the  jaw,  and  is  called  the  “prre-oper- 


piiiliiilPPI 

ifu°"o!v;e")'SUpra'OCCipUal  ;  *  Quadrate  5  h‘“  Hyomaiul'ibular  Js  Paraspheru 


remaTnincr^6  .TXt  is  a  la!^  hone  called  the  “  operculum  ”  proper  ;  and  the 
operculum  ”7  Jones>. ca  ted  respectively  the  “sub-operculum  ”  and  “  inter- 
’liiese  I IT;’  f  vrm’  WU  l  the. operculum  proper,  the  edge  of  the  gill-cover 
ous  bones  are  united  together  by  membrane,  and  they  form  col- 
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lectively  a  kind  of  movable  door,  by  means  of  which  the  branchial  chamber 
can  be  alternately  opened  and  shut.  Besides  the  gill -cover,  however,  the 
branchial  chamber  is  closed  by  a  membrane  called  the  “branchiostegal  mem¬ 
brane,”  which  is  attached  to  the  os  hyoides.  The  membrane  is  supported 
and  spread  out  by  a  number  of  slender  curved  spines,  which  are  attached 
to  the  lateral  branches  of  the  hyoid  bone,  act  very  much  as  the  ribs  of  an 
umbrella,  and  are  known  as  the  “branchiostegal  rays”  (fig.  320,  b). 

The  hyoid  arch  of  fishes  is  attached  to  the  inner  surface  of  the  hyoman- 
dibular  bones  by  means  of  two  slender  curved  bones,  which  form  the  top 
segment  of  the  hyoid,  and  are  termed  the  “  stylohyal”  bones  (figs.  321, 
322,  sh).  Each  stvlohyal  articulates  inferiorly  with  a  triangular  bone  known 


Fig.  321. — Bisected  skull  of  the  Perch,  wii th 

srtssa 

X'parasphenoid-!  »  Supm-occipital  ;  pt  elOA' 

vicle  ;  pci  The  two  pieces  of  the  post-clavicle ,  sc  be.  p  .  , 


as  the  “  epihyal  ”  {eh),  and  this  in  turn  is  joined  below  with 

I  »  /  j  \  Gpich  is  the  longest  bone  in  the  hyoid  arch  on  each  side* 
Smrt  rmtion  of  the  h,oid»ch  is  formed  hy  a  pair  of  “bas.hyal  hones 

taSureTcW?- ba.ib ^anchhyMK,n«»  (  g. 
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it  is  connected  behind  by  fibrous  tissue  with  the  point  of  union  of  the  right 
and  left  pectoral  arches,  and  it  thus  helps  to  form  the  isthmus  which  separ- 
ates  the  two  sets  of  branchiae.  Lastly,  from  the  posterior  margin  of  the 
epmyal  and  ceratohyal  bones  on  each  side,  arise  the  slender  curved  bony 
spines  which  have  been  previously  spoken  of  as  “  branchiostegal  rays  ”  (figs. 
321,  322,  bo).  The  function  of  these  is  to  support  the  “branchiostegal 
membrane,  by  which  the  gill-slit  is  closed  below.  The  number  of  “  branchi¬ 
ostegal  rays  varies  greatly  in  the  Bony  Fishes,  but  is  usually  seven  011 
each  side  (twelve  in  the  Salmonida). 

Behind  the  hyoid  arch  in  Fishes  are  placed  the  post-hyoidean  visceral 
arches,  which  are  termed  “branchial  arches,”  as  some  of  them  always  carry 


rig'SrSf  S'1.  "?A?  "t“  ”/  g»  fmb.  removal  r„„, 

— . —  '  . ,, '°Vega‘ rays  .  Basibranchial 


*eif ollter  s'des.  Seven  branchial  arches  on  each  side  is  the 

arches'1  and 

thi'two  ’Jeklfi  the  rd,dle  '!ne  of  lhe  floor  of  the  mouth,  and  separating 
wardlfroS  ,bl  SanChi!a  1arChf,’  1S  a  row  of  small  bones  continued  back 
(2  )  F?L  ^-8  l?SSOvhya\an,<  kn,0Wn  as  the  “  hasibranchials  ”  (ba). 
upward^  r the  waailsbnafntClhl  lsthmus  the  branchial  arches  are  continued 
mouthbehbid  'n  ,  1C  pharynx,’  to  be  attached  to  the  roof  of  the 

are  the  so  Sled ‘  hv  a  1  ‘Tmn’  by  w,lich  they  Join  the  hasibranchials, 
so  called  hypobranchial  bones  (kb).  There  are,  however,  only 
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three  hypobranchials,  the  3d  and  4th  arches  having  one  in  common,  while 
the  5th  has  none. 

(3.)  Attached  to  the  preceding  are  the  “  ceratobranchial  bones  (c/i), 
which  are  the  principal  pieces  of  the  branchial  arches.  In  the  5th  branchial 
arch,  the  ceratobranchials  are  the  only  pieces  developed,  and  they  bear  no 
branchiae.  Their  inner  surfaces  in  this  arch  are  furnished  with  teeth,  and 
they  are  placed  one  on  each  side  of  the  middle  line  of  the  throat,  constitut¬ 
ing  the  so-called  “inferior  pharyngeal  bones.” 

(4.)  United  with  the  upper  ends  of  the  ceratobranchials,  and  forming 
with  them  a  curved  angle,  are  the  “  epibranchials  ”  (eb). 

(5.)  The  branchial  arches  are  completed  superiorly  by  short  pieces 
known  as  “  pharyngobranchial  ”  bones  which  are  connected  by  fibrous 
tissue  with  the  under  side  of  the  skull.  The  pharyngobranchials  of  the 
1st  and  4th  arches  are  often  rudimentary,  while  those  of  the  2d  and  3d 
arches  commonly  bear  teeth,  and,  projecting  inwards  from  the  upper  wall 
of  the  pharynx,  are  known  as  the  “superior  pharyngeal  bones.” 

(6. )  Lastly,  the  inner  margins  of  the  branchial  arches  carry  one  or  two 
rows  of  small  denticular  pieces,  the  “gill-rakers  ’  (fig.  32r,  Sr)-  These 
form  a  sieve  which  strains  the  water  as  it  passes  through  the  branchial 
clefts.  The  postero-external  face  of  each  branchial  arch  is  further  marked 
with  a  “branchial  groove,”  in  which  the  branchial  vessels  are  contained, 
and  to  the  sides  of  which  the  branchial  laminae  are  attached. 

The  lower  jaw  or  mandible  in  the  Bony  Fishes  consists  of 
two  rami,  united  by  a  ligamentous  symphysis  in  front.  Each 
ramus  consists  of  two  principal  pieces  (dentary  and  articular), 
with  sometimes  other  elements  (“angular,  “splenial,  Nc.)  as 


a  r 


,  ~2,  —Mandible,  mandibular  suspcnsorium,  and  opercular  bones .of 
"f  after  Parker),  d  Dentary  piece  of  mandible;  nr  Articular  piece  of  mandible, 
Ouadrate;  sy  Symplectic  ;  mt  Metapterygoid;  htn  Hyoniandibular ,  <  1  e 

proper  ;  so  Sub-operculum  ;  to  Interoperculum  ;  po  1  rseoperculum. 


well.  The  mandible  is  suspended  from  the  skull  by  a  series 
of  bones  which  together  constitute  the  “  suspensonum,  ant 
which  usually  consist  of  the  following  (fig.  323) 
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■  jJ1')  A;;qyadrate”  pone  (qu),  which  articulates  directly  with 
the  mandibular  condyle.  ) 

r[2/l  A  s*lm11  bone,  connected  with  the  postero-internal  face 
ot  the  quadrate,  and  known  as  the  “  symplectic  ”  (j-y). 

(3-)  A  flat  “  metapterygoid  ”  bone  (“  praetympanic  ”  of 
amfla-eP  aC£C  ab°Ve  the  qUadrate’  and  united  with  it  by 

oienV\vhSd  ?at  “  hrmandibular  ”  bone  (“  epitympanic  ”  of 
Owen),  which  forms  the  uppermost  segment  of  the  suspen- 

sonum,  and  is  articulated  with  the  pterotic  bone  of  the  skull 

meted  witiertheV  C  °P?KUl,Um  and  Pr3eoPerculum  are  con¬ 
nected  with  the  hyomandibular,  and  the  stylohyal  bone  is 

articulated  to  its  inner  surface.  The  hyomandibular  bone  by 

ts  articulation  with  the  skull,  thus  forms  the  hinge  upon  which 

gill-coven  mand,bUlar  a,,d  h>'°id  arcl,es’  flap  of  the 

The  tiwfc  of  fishes  depart  considerably  from  the  typical  form 
exhibited  in  the  higher  Vertebrates.  One  or  both  pairs  of 

alwavs^thVfof1”^^11  Whun  PrSSent  the  limbs  are  almost 
yS  111  the  form  of  that  is,  of  expansions  of  the  in- 


^  /  One  °f  the  pectora 

c  Caudal  fin.  al  "n  >  d  Second  dorsal  fin  ;  a  Anal  fin 


anC|Sthngthe,ned  by  bony  0r  cartiIaginous  fin-rays.  The 
aTth"  U:f/  T  n°T  Is  the^^fins,  and  the  posterior 
the  so  cal  ed  once  distinguished  from 

usmllv  d  d,',an  fins  by  being  always  disposed  in  pairs 
!/Syfinysmm  "Ca  ly-  HenCC  th£y  are  °*en  sP°ken  of  as  the 


Phe  Pectoral  bmbs  possess  a  well-developed  pectoral  arch, 
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which  in  Teleosteans  is  composed  of  several  bones,  and  is 
articulated  with  the  back  of  the  skull,  whereas  in  Elasmo- 
branchs  it  is  cartilaginous  and  has  no  connection  with  the 
cranium.  The  segments  representing  the  upper  arm  and  fore¬ 
arm  arc  wanting,  but  carpal  bones  or  cartilages  are  present, 
and  these  are  followed  by  the  “  rays  ”  of  the  fins  proper,  these 
representing  the  metacarpal  bones,  and  phalanges.  As  regards 
size  and  other  minor  characters,  the  pectoral  fins  vary  greatly. 
In  the  Flying  Gurnard  ( Dactylopterus ) ,  and  in  the  true  Flying 
Fish  ( Exoccetus ),  the  pectorals  are  enormously  developed,  and 
enable  the  fish  to  take  extensive  leaps  out  ot  the  water. 


Suspended  from  the  back  of  the  skull,  and  placed  behind  the  branchial 
arches,  are  the  pectoral  arches  in  the  ordinary  Bony  Fishes.  In  such  a 
Fish  as  the  Perch  or  Cod  the  pectoral  arch  (fig.  321)  1S  composed  of  the 

following  pieces : —  ,  „  r  _  ,  , 

d  )  A  bifid  “post-temporal  bone”  (“  supra  -  scapula  of  Owen),  by 
which  the  pectoral  arch  is  joined  to  the  supra-occipital  and  pterotic  bones 

(2.)  This  mutes  below  with  a  second  piece  (sc/),  the  “  supra-clavicle 

(“scapula”  of  Owen).  ,  tl  ,  .  ,  » 

{ -3  )  This,  in  turn,  articulates  interiorly  with  a  long  curved  clavicle 
(“coracoid”  of  Owen).  The  clavicles  (d)  are  the  largest  pieces  of  the 
pectoral  arch,  and  they  become  connected  in  the  middle  line  below,  at  the 

hinder  end  of  the  branchial  isthmus.  .  .  .  .  .  ,  ,  , 

(4  )  Attached  to  the  upper  part  of  the  clavicle  is  a  two-jointed,  back- 
wardly- projecting  “post -clavicle”  (the  “  epicoracoid  of  Owen,  hg. 

32?r  {'  Articulating  with  the  hinder  margin  of  the  clavicle  interiorly  are 
two  short  flat  bones  (sc  and  co\  which  represent  respectively  the  scapula 

and  “coracoid ’’(the  “radius”  and  “ulna”  of  Owen). 

(6.)  The  scapula  and  coracoid  give  origin  to  a  series  of  short  pieces  in 
two  rows,  which  are  believed  to  represent  “carpals  and  metacarpals, 
and  the  latter  bear  the  “fin-rays ”  of  the  fins. 


The  hind-limbs  or  “ventral  fins”  are  wanting  in  many  fishes, 
and  they  are  less  developed  and  less  fixed  in  position  than  are 
the  pectoral  fins.  In  the  ventral  fins  no  representatives  ot  the 
tarsus  tibia  and  fibula,  or  femur,  are  ever  developed.  1  he 
rays  of  the  ventral  fins— representing  the  metatarsus  and  the 
phalanges  of  the  toes— unite  directly  with  a  pelvic  arch,  which 
is  composed  of  two  sub-triangular  bones,  united  in  the  middle 
line  and  believed  to  represent  the  pubic  bones,  lhe  imper¬ 
fect  pelvic  arch,  thus  constituted,  is  never  united  to  the  verte¬ 
bral  column  in  any  fish.  In  those  fishes  in  which  the  yentra 
fins  are  “abdominal”  in  position  (i.e.,  placed  near  the  hindei 
end  of  the  body)  the  pelvic  arch  is  suspended  freely  amongs 
the  muscles.  In  those  in  which  the  ventral  fins  are  “thoracic 
or  “jugular”  (i.e.,  placed  beneath  the  pectoral  fins,  or  on  the 
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sides  of  the  neck),  the  pelvic  arch  is  attached  to  the  point 
ot  junction  of  the  clavicles,  and  is  therefore  wholly  removed 
from  its  proper  vertebra. 

In  addition  to  the  pectoral  and  ventral  fins— the  homologues 
of  the  limbs— which  may  be  wanting,  fishes  are  furnished  with 
certain  other  expansions  of  the  integument,  which  are  “  me¬ 
dian  v  in  position,  and  must  on  no  account  be  confounded 
with  the  true  “  paired  ”  fins.  These  median  fins  are  variable 
in  number,  and  in  some  cases  there  is  but  a  single  fringe  run¬ 
ning  round  the  posterior  extremity  of  the  body.  In  alt  cases, 
however,  the  median  fins  are  “  azygous  ’’—that  is  to  say,  they 
occupy  the  middle  line  of  the  body,  and  are  not  symmetrically 
disposed  in  pairs.  Most  commonly,  the  median  fins  consist 
ot  one,  two,  or  three  expansions  of  the  dorsal  integument 
called  the  “ dorsal  fins”  (fig.  324,  d,  d')-  one  or  two&on  the 
ventral  surface  near  the  anus — the  “anal  fins”  (fig.  324,  a)  • 
and  a  broad  fin  at  the  extremity  of  the  vertebral  column,  called 
the  caudal  fin  or  tail  (c).  In  all  cases,  the  rays  which  support 
the  median  fins  are  articulated  with  the  so-called  interspinous 
bones,  which  have  been  previously  described.  Though  called 
“  median,”  from  their  position  in  the  middle  line  of  the  body, 
and  from  their  being  unpaired,  the  median  fins  of  fishes,  as 
shown  by  Goodsir  and  Humphry,  are  truly  to  be  regarded  as 
formed  by  the  coalescence  of  two  lateral  elements  in  The  mesial 
plane  of  the  body. 


The  caudal  fin,  or  tail,  of  fishes  is  always  set  vertically  at  the 
extremity  of  the  spine,  so  as  to  work  from  side  to  side,  and  it 
is  the  chief  organ  of  progression  in  the  fishes.  In  its ’vertical 
position,  and  in  the  pos¬ 


session  of  fin  -  rays,  it 
differs  altogether  from 
the  horizontal  integu¬ 
mentary  expansion 
which  constitutes  the  tail 
of  the  Cetacea  (Whales, 
&c.),  and  Sirenia  (Du- 
gong  and  Manatee).  In 
the  form  of  the  tail, 
fishes  exhibit  some 
striking  differences.  In 
some  of  the  Bony  Fishes 
and  Ganoids,  the  caudal 
extremity  of  the  spine 


I'K-  325.  I  ail  of  adult  Flounder.  (After  A.  Agas- 
mz.)  v  Vertebral  column;  n  Turned-up  end  of  the 
notochord;  h  Hyptiral  bones. 


.,  -j  --  —  “r—-  is  not  bent  upwards,  but  divides 
e  cai.l  fin-rays  into  two  nearly  equal  portions,  and  the 
symmetrical  tail-fin  thus  produced  is  said  to  be  “  diphycercal.” 
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In  the  great  majority  of  the  Bony  lushes  the  tail-fin  appears 
on  inspection  to  be  divided  into  two  ecjual  lobes,  and  it  is 
then  said  to  be  “  homocercal  ”  (fig.  326,  A).  This  apparent 
symmetry  is  due  to  the  fact  that  the  spinal  column  seems  to 
terminate  in  the  centre  of  a  triangular  bony  mass  (  hypuial 
bone  ”),  which  is  formed  of  co-ossified  haemal  spines,  and  to 
the  free  edges  of  which  the  fin-rays  are  symmetrically  attached 
(fig.  335,  h).  In  reality,  however,  the  unossified  notochord  is 
prolonged  into  the  upper  lobe  of  the  tail ;  and  as  there  is  a 
much  larger  number  of  fin-rays  below  the  bent-up  notochoid 
than  above  it,  the  tail  is  truly  unsymmetrical  in  its  funda¬ 
mental  structure.  Lastly,  in  the  Rlasmobranchii ,  and  most 
Ganoids,  the  tail  is  conspicuously  unsymmetrical  (fig.  326,  B), 


and  is  then  said  to  be  “  heterocercal.”  In  these  cases,  the  j 
lower  lobe  of  the  tail  is  conspicuously  larger  than  the  upper,  1 
owing  to  the  disproportionate  development  of  the  haemal  rays, 
and  the  spinal  column  is  prolonged  into  the  upper  lobe  ot  the  I 

tail. 


In  a  recently  published  and  important  memoir,  Professor  A.  Agassiz  has 
shown  that  in  Plcuronectcs  and  various  other  living  Bony  fishes,  the  tail  o 
the  earlv  embryo  is  rounded,  and  is  symmetrically  developed  at  the  hinder  1 
end  of  the  straight  notochord  (“leptocardial  stage").  Soon  the  chorda 
becomes  arched  upwards,  and  there  appears  the  first  trace  of  a  separation  : 
of  the  tail-fin  into  two  portions,  only  one  of  which  is  destined  to  remai  j 
nermanently.  The  superior  of  these  two  divisions,  when  both  have  >e_ 
come  fully  marked  out,  surrounds  the  end  of  the  upturned  chorda  (ng.  | 

„7  a\  and  it  must  be  regarded  as  an  embryonic  structure,  since  it  hna  yi 

disaimears.  The  inferior  of  the  two  divisions,  on  the  other  hand,  is  placed 
below  the  embryonic  tail,  and  is  ultimately  developed  into  the  permanen 
tail  At  first  the  permanent  caudal  fin  lias  the  appearance  of  a  distinct 
lobe,  which  looks  like  a  second  anal  fin.  In  process  of  growth,  however, 
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the  embryonic  caudal  becomes  thrown  more  and  more  upwards,  and  the 
rays  of  the  permanent  caudal  acquire  a  fan-like  arrangement.  At  the  starre 
figured  below  (fig.  327)  the  tail  is  truly  “  heterocercal,”  and  is  wonderfully 
similar  in  appearance  to  the  tail  of  many  Palaeozoic  Fishes.  Finally,  how- 


F‘S  ment  F1°T]e' -  {Pleura, lectes)  in  its  heterocercal  stage  of  develop- 

thebonv  -2tmostvl”lr?ied'UP,end  °f  the  notochord  becomes  replaced  by 
r,JL  y  ,  “fostyle  >  the  embryonic  caudal  diminishes  in  size  and  disap¬ 
pears;  and  the  permanent  caudal  increases  in  size,  and  is  gradually  trips 

Sto  «r,nerl'a  in,°  “  "V™/1  ■»<=  •“»« — 

mg  its  permanent  homocercal”  form.  It  would  thus  appear  that  tho 

thf^kptcardfaH’  sf  **  ^  B°ny  FisheS  and  Elasmobranchs  is 

chord  s!ra^htd  Thil  gf’  “  ^h-lch  the  tad  ,s  symmetrical  and  the  noto- 
“heterocercal  ”  cnn  i;t'Stage  u-  if  P™?ress  of  growth  superseded  by  the 
br  hs  F  lllv  hir,’  ?ub?,lstsf  throughout  bfe  in  the  Elasmo- 

ad..?f tL  ,,  y>  tbe  heterocercal  tail  of  the  young  Psony  Fish  is  in  the 
adult  succeeded  by  the  permanent  “  homocercal”  or ‘‘diphycercal  ”  tail. 

anJierPar0Cef  of  ^ration  in  all  fishes  is  essentially  aquatic, 

orted  itnnn  d  00  Jy  m-eanS-  of  branchial  plates  or  tufts  devel- 
and  dr  ,  le  Posterior  visceral  arches,  which  are  persistent, 

h  other  v  dlSaPpfar  at  Tthe  close  of  embryonic  life,  as  they  do 
effected  Ti  6 1  rat,eS‘  Ip  the  Lancelet  alone,  respiration  is 
menrem  /  r  ^  branchial  filaments  placed  round  the  com- 
which  is  °  °  1  1 10  P  iarynx,  and  partly  by  the  pharynx  itself, 
series  nf  ?rCat  y  en  arS.e<I>  and  has  its  walls  perforated  by  a 
structure  rfa"SVe.rse  cjhated  fissures.  The  arrangement  and 
ordprc  ef°r;  1  1C  branchiae  differ  a  good  deal  in  the  different 
sen  pent?  ,and  these  modifications  will  be  noticed  sub¬ 

brief  a  7"  •  n  tae  meanwhile  it  will  be  sufficient  to  give  a 
Fishe<eSCTnptl0n,0f  dl£  orSans  of  respiration  in  one  of  the  Bony 
through  ti  n  SuCh  a  dle  branchial  apparatus  is  connected 
6  ie  chain  of  basibranchial  bones  with  the  hyoid  arch, 
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and  is  contained  in  two  special  chambers,  situated  one  on  eacli 
side  of  the  neck.  The  branchiae  are  carried  upon  the  outer  con¬ 
vex  sides  of  what  have  been  already  described  as  the  “  branchial 
arches”;  that  is  to  say,  upon  a  series  of  bony  arches  (figs.  321 
and  322)  which  are  connected  with  the  basibranchial  bones 
inferiorly,  and  are  united  above  with  the  base  of  the  skull. 
Between  the  branchial  arches  are  the  vertical  fissures  (branch¬ 
ial  clefts),  which  allow  the  water  to  pass  from  the  pharynx  into 
the  branchial  chambers  on  each  side.  The  postero-external 
face  of  each  branchial  arch  is  deeply  grooved,  and  on  each 
side  of  this  groove  is  developed  a  row  of  elongated,  pointed, 
cartilaginous  “branchial  laminae,”  which  are  covered  with  a 
highly  vascular  mucous  membrane.  Each  branchial  arch  thus 
carries,  as  a  rule,  two  rows  of  branchial  leaflets,  though  the 
fourth  arch  may  have  only  a  single  row.  As  it  circulates 
through  the  capillaries  of  the  branchial  laminae,  the  venous 
blood&  is  subjected  to  the  action  of  the  water  holding  oxygen 
in  solution,  and  is  thus  arterialised.  The  water  is  constantly 


ig.  328. — Gills  and  heart  of  the  Perch,  exposed  by  the  removal  of  the  giU-cov"  ' 
**  left  side,  a  First  of  the  four  bony  arches  which  carry  the  gibs  (b  l) , 
.  ■'  « — ♦  (After  Van  der  Hoeven.) 


edges  of  the  gills  on  the  right  side;  h  Heart 


taken  in  at  the  mouth  by  a  process  analogous  to  swallowing, 
and  is  admitted  to  the  branchiae  through  the  clefts  in  the  walls 
of  the  pharynx.  Having  passed  over  the  gills,  the  deoxygen- 
ated  water  is  expelled  by  the  “  gill-slits,”  one  of  these  being 
situated  on  each  side  of  the  neck.  The  entrance  of  foreign 
bodies  into  the  branchial  chambers  is  prevented  by  rows  o 
bony  processes  (“gill-rakers”)  developed  on  the  inner ^ or  com 
cave  sides  of  the  branchial  arches.  Lastly,  the  gill-sl  t  ca 
closed  or  opened  by  the  to-and-fro  movement  of  the  re¬ 
cover  ”  or  operculum,  and  by  the  elevation  01  deprcssio 
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the  “branchiostegal  rays”  with  the  “  branchiostegal  mem¬ 
brane  which  these  support. 

The  circulation  through  the  branchial  laminae  is  as  follows  (fie  "3 20 

^ 

-Viz.  the  branch. al  artery”  (a)  and  “branchial 

J  rC>rn!n  t0Sether  ni  the  groove  on  the  outer 
side  of  the  branchial  arch,  the  vein  lying  nearest  to 

enriwtl  le  branchial  artery  sends  a  branch  along 
each  of  the  inner  or  opposed  sides  of  the  branchial 

heT’  WhlCihi br£,ak  Up,lnto  caPilIaries,  and  distribute 

liming  A  nb  0°d  m  th?  mucous  membrane  of  the 
annme.  After  aerat.on  the  arterial  blood  is  collected 

into  two  principal  vessels  (d  d)  which  run  along  the 
outer  edges  of  the  branchial  laminae,  and  these  open 
into  the  mam  branchial  vein  (r)  lying  in  the  branchial 
-rf  .tbe;'lr.cb-  1  h.e  so-called  “pseudobranchia.” 
which  is  situated  in  the  inner  surface  of  the  gill-cover 
!"  man>’  Bony  Fishes,  receives  only  arterial  blood,  and 
has  in  these  no  respiratory  function  in  the  adult. 

As  regards  the  circulatory  system ,  there  are 
various  modifications  in  different  groups  of 
Fishes,  and  it  will  be  best  to  take  an  ordinary 
ony  Fish  as  presenting  a  typical  condition 
as  regards  the  heart  and  circulation  (fig. 

33°)-  In  such  a  fish  the  heart,  as  in  Fishes 
generally  is  purely  respiratory,  and  is  mainly 
concerned  with  driving  the  venous  blood  to 
ie  branchiae.  The  heart  is  situated  in  a 
pericardial  chamber  which  lies  in  front  of  the 
pectoral  arch,  and  communicates  posteriorly 
with  the  peritoneal  cavity.  The  blood  which 
nas  circulated  through  the  body,  and  has  thus 
oecome  venous,  is  collected  by  the  great 
veins,  and  is  ultimately  discharged  into  a  com¬ 
mon  dilatation  (the  “sinus  venosus  ”)  which 
te  just  behind  the  heart.  The  sinus  yen 
osus  opens  into  a  large  thin-walled  “auricle” 

LL330’  au)  whlch  is  the  first  cavity  of  the 

sides  PJTr’  and.whlch  Projects  on  both 
sides  0f  the  ventricle.  The  auricle  by  its 

S  T  ,  1Ve$  the  bl°0d  int0  a  conical, 
which  !  ed’.mUSCUlar  ventri.cle  M  from 
which  dfiributes^the1  “  branchlal  artery,”  or  the  great  vessel 
of  the  h m  1  \  1  venous  blood  to  the  gills.  The  base 

chamber  knnHl  arte,ry  «  dilated  int0  a  Pyriform  muscular 
bamber  known  as  the  “arterial  bulb  ”  (fig.  330,  */,),  which 


Fig.  329. —Diagram 
of  a  pair  of  branch¬ 
ial  laminae  in  a 
Bony  Fish,  e  The 
branchial  arch 
transversely  divid¬ 
ed,  showing  the  ex¬ 
ternal  groove  in 
which  the  great  ves¬ 
sels  run ;  a  Branch¬ 
ial  artery,  giving  off 
branches  (bb)  along 
the  inner  edges  of 
the  branchial  la¬ 
in  inae  ;  c  Branch¬ 
ial  vein,  receiving 
branches  (dd)  from 
the  outer  edges  of 
the  branchial  la¬ 
mina;. 
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looks  as  if  it  were  a  third  cavity  of  the  heart.  In  the  so- 
called  Palceichthyes  (Ganoids,  Elasmobranchs,  and  Dipnoous 
Fishes)  the  bulbus  arteriosus  is  of  a  comparatively  complex 
structure,  and,  its  base  being  rhythmically  contractile,  it  really 

acts  as  a  forward  continua¬ 


tion  of  the  heart.  The 
branchial  artery  in  front  of 
the  arterial  bulb  gives  off 
on  each  side  the  great  ves¬ 
sels  (l>a)  which  carry  the 
blood  to  the  gills.  In  most 
of  the  Bony  Fishes  there 
are  four  of  these  divisions 
of  the  branchial  artery  on 
each  side,  corresponding  to 
the  four  functional  branch¬ 
ial  arches.  The  oxygenated 


blood  returning  from 


1,'Ijt  i-;o. — Diagram  of  the  circulatory  system 
in  a  Fish,  the  vessels  containing  venous  blood 
being  longitudinally  shaded,  and  those  con¬ 
taining  arterial  blood  being  cross-shaded,  vc 
Vena  cava;  "<<p  Vena  ports ;  an  Auricle  ;  v 
Ventricle;  ab  Bulbus  arteriosus;  i  Branchial 
artery  ;  ba  One  of  the  divisions  of  the  bran¬ 
chial  artery  going  to  the  gills,  front  which 
proceeds  one  of  the  corresponding  branchia 
veins,  by  the  union  of  which  the  subvertebr.il 
aorta  (sa)  is  formed;  i  Intestine  ;  k  Kidney. 


the 

gills  is  collected  into  the 
“branchial  veins,”  which  cor¬ 
respond  in  number  to  the 
branches  of  the  branchial 
artery.  The  branchial  veins 
do  not  return,  however,  to 
the  heart,  but  unite  below 
the  spine  to  form  the  great 
systemic  vessel — the  “sub- 
vertebral  aorta  or  “  de¬ 
scending  aorta  ’  (fig-  33°> 
sa).  This  is  continued 
backwards  below  the  ver¬ 
tebral  column,  and  its 
branches  distribute  the  ar¬ 
terial  blood  to  the  tissues 
generally.  "I  he  blood,  thus 
rendered  venous,  is  collected 
into  the  veins  and  is  again 
returned  to  the  heart,  thus 
completing  the  circulation. 


f 


I 


It  will  be  seen  from  the 
above  that  the  essential  peculiarity  of  the  heart  is  that  it  is 
purely  venous,  and  is  concerned  only  with  driving  the  inT 
flood  »  the  breathing  organs ;  whereas  the  artemhsed 
blood  returned  from  the  gills  is  propeiled  through  the  y 
temic  vessels  without  being  sent  back  to  the  heart. 
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single  contraction  of  the  heart  is  thus  sufficient  to  drive  the 
blood  through  both  the  branchial  and  the  systemic  circulations 
some  assistance  being  afforded  by  the  contractions  of  the 
voluntary  muscles.  In  some  fishes  also  (as  in  the  Eel),  the 
return  of  blood  to  the  heart  is  assisted  by  a  rhythmically  con- 
tractile  dilatation  of  the  caudal  vein. 

In  Amphioxus  alone  there  is  no  heart,  the  principal  vessels 
being  contractile,  and  acting  as  a  heart.  In  the  Dipnoi  the 
auricle  may  be  incompletely  divided  into  a  right  and  left  half 
(as  in  Lepidosiren),  or  the  ventricle  may  show  a  similar  imper¬ 
fect  division  (as  in  Ceratodus).  The  blood-discs  of  Fishes  are 
oval  and  nucleated  (fig.  315,  e ),  and  the  blood  is  red  in  all 
except  Amphioxus  and  the  oceanic  Leptocephalus  and  its  allies. 

As  legards  the  digestive  system,  the  mouth  in  Fishes  is  usually 
capacious  and  generally  is  furnished  with  teeth,  which  in  the 
^,Flshej  are  “dy  developed  upon  the  mandible,  prre- 

xillae,  and  maxillae  (the  latter  often  edentulous),  but  may  also 
be  produced  upon  other  bones  which  enter  into  the  composition 
of  the  bucca  cavity  (such  as  the  palatines,  pterygoids,  vomer 
branchial  arches  and  glossohyal  bone).  The  oesophagus  (fie/ 

1SfUSUaft  Sh°rt  and  wide’  Passin§  almost  without  a 
visible  external  boundary  into  the  stomach.  The  latter  is 
usually  bent  and  U-shaped,  the  first  or  “cardiac”  division  (ed) 
b  ngwide;  whUe  the  second  or  “pyloric”  division  is  much 

;  ™'  er'  Jn.  otl?er  cases>  the  cardiac  division  of  the  stomach 
is  prolonged  backwards  as  a  long  blind  sac,  and  the  cardiac 
and  pyloric  openings  are  placed  close  together.  In  the 

lies  thfpTenby  thVW°  dlyislons  of  the  bent  stomach  usually 
ceeded  hv  , VaSCUlar  Spleen‘  The  stomach  is  suc- 

whirh  I!?7  k  ,smal  'ntestme>  mto  the  commencement  of 
Fishes  t  b,Ie-dUCt  (fig-  33;,  dl)  opens.  In  ordinary  Bony 
f  ?eS  the  commencement  of  the  duodenum  is  marked  by  the 

L  annendl  *  V%‘able  number  (from  1  to  200)  of  blind  tubu- 
c "  Ppendages  (fig.  33i,A),  which  are  known  as  the  “pyloric 

a*  ’  ?  Wh^h  exlrcise  some  digestive  function.  These 
excess ivpbS  T  Elasmobranchs,  in  which  the  small  intestine  is 
The  cm  ny-S  li  r  •’  ant  they  are  also  absent  in  many  other  fishes, 
either  in  rlne  ,termmates  in  a  short  large  intestine,  which 
anal  fin  PCnS-  dlrectly  uPon  the  exterior,  just  in  front  of  the 
chamber  «  T°St  1  lshes>  °r  debouches  into  a  dilated 

renroriimf-  cIoa^a>  .  which  receives  also  the  urinary  and 
(2noirk  7e1/?S(aS  "!  Elasmobranchs).  In  Elasmobranchs, 
testine  ic  • nC  the  absorbing  surface  of  the  large  in- 

Si  lmCreTd,  by  a  “SpiraI  vaIve>”  in  ‘he  form  of  a  spiral 
pheature  of  the  mucous  membrane  which  winds  like  a 
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screw  in  close  turns  round  the  intestinal  tube.  The  liver  in 
fishes  is  usually  large,  soft,  and  oily,  and  a  gall-bladder  is  gen¬ 
erally  present.  In  Amphioxus  the  liver  is  represented  by  a  sac- 
like  diverticulum  of  the  alimentary  tube.  A  distinct  pancreas 
(fig.  331,/tf)  is  found  in  Elasmobranchs  and  many  other  fishes, 


but  it  is  wanting  in  many  Teleosteans.  Lastly,  in  Elasmo¬ 
branchs  there  is  appended  to  the  large  intestine,  near jts  ter¬ 
mination,  avascular  and  ctecal  glandular  pouch  (the  rectal 

glThe  kidneys  ofFishes  are  usually  of  considerable  size,  and 
fm-m  two  elongated  organs  which  are  situated  beneath  t 
nlnal  cdumn?Sand  may“extend  along  the  whole  length  of  the 
abdominal  cavity.  The  ureters  often  join  into  a  common 
duct,  upon  which  a  urinary  bladder  may  be  developed.  In 
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Bony  Fishes  the  urinary  opening  is  placed  in  general  behind 
the  anus,  either  in  common  with  the  generative  aperture,  or 
just  posterior  to  the  latter. 

In  many  fishes  there  is  developed  the  curious  sac-like  organ 
which  is  known  as  the  “swim-bladder”  or  “air-bladder.”  This 
structure  is  an  unpaired,  or  rarely  paired,  sac,  containing  gas, 
and  situated  underneath  the  vertebral  column  and  above  the 
alimentary  canal.  It  is  often  of  considerable  size,  and  usually 
is  unilocular,  but  it  may  be  variously  subdivided  by  septa,  or 
it  may  give  off  more  or  less  complicated 
oeca  (fig.  332). 

In  Lepidosiren  and  some  Ganoids  the 
air-bladder  is  double,  and  in  these  cases  it 
is  more  or  less  cellular  or  spongy.  In  all 
the  Dipnoi  and  Ganoids  also,  as  in  many 
Teleostean  Fishes,  the  swim-bladder  com¬ 
municates  with  the  gullet  by  means  of  a 
duct  ( ductus  pneumaticus).  On  the  other 
hand,  in  most  Teleosteans  the  air-bladder 
has  the  form  of  a  closed  ductless  sac.  No 
air-bladder  is  developed  in  the  Marsipo- 
branch  and  Elasmobranch  fishes,  and  this 
organ  is  also  wanting  in  certain  Bony 
Fishes  ( e.g .,  the  Flat-fishes).  The  swim- 
bladder  has  been  generally  regarded  as  the 
homologue  of  the  lungs  of  the  air-breath¬ 
ing  Vertebrates,  though  in  most  cases  it 
has  no  respiratory  function.  The  gas  which 
it  contains  is  secreted  from  the  blood  by 
the  fining  membrane  of  the  swim-bladder, 
which  is  vascular,  and  is  often  furnished 
with  retia  mirabilia,  and  it  is  not  derived 
from  the  atmosphere  (except  in  the  case  of  the  Dipnoi ).  In 
mnll  eSh7ater  fi,shes  the  gaseous  contents  of  the  organ  are 
iWh-  m?de  U,P  °f  mtr°g(rn’  but  oxygen  is  the  predominating 
won]  1  'en  in  ,ie  C"lSe  t  ie  sea‘fishes-  In  an  ordinary  way  it 
hvdm^i? m  ?e.  functlons  of  the  air-bladder  are  purely 

conn  .a  •C’  ]le  having,  by  muscular  action,  the  power  of 
thn  PuSSm#  1  \C  Sac’  anc^  tbus  altering  its  specific  gravity.  On 

other  hand,  among  the  Dipnoi  the  air-bladder  discharges 

a  true  respiratory  function.  b 

>u 0l.ls  s- }’ste,n  of  Fishes  is  of  a  comparatively  low  type, 
oa™  emg  smaller  in  proportion  to  the  body  than  in  any 
ther  class  of  Vertebrates.  The  olfactory  lobes  (fig.  333,  /) 
are  well  marked,  the  cerebral  lobes  are  small  (c)  ■  and  the  optic 


332- — Swim-bladder 
of  Corvina  trispino- 
sa,  showing  appended 
cseca. 


MANUAL  OF  ZOOLOGY. 


552 


lobes  {/>)  are  exceptionally  developed,  and  may  exceed  any  of 
the  other  divisions  of  the  brain  in  size.  The  cerebellum  is 
relatively  small,  and  is  never  divided  into  two  lateral  lobes. 

The  eyes  are  rudimentary  in  Aniphioxus,  and 
in  other  cases  may  be  hidden  under  the  skin, 
as  in  the  Hag-fishes  and  in  the  blind  fishes  of 
caves.  The  nasal  sac  is  single,  with  a  single 
unpaired  external  nostril,  in  the  Marsipo- 
branchs ;  but  in  all  other  fishes  the  nasal  sac 
is  double,  with  two  nostrils.  In  the  great 
majority  of  Fishes  the  nasal  sacs  are  closed 
posteriorly,  and  do  not  communicate  with 
the  mouth  ;  but  in  Myxine  the  single  nasal 
sac  opens  behind  upon  the  palate,  and  in 
the  Dipnoi  there  are  two  posterior  nostrils 
corresponding  with  the  double  structure  ot 
the  nose.  The  auditory  organ  consists  of 
'*Perchf  viewed*  froni  the  “labyrinth”  Only,  and  the  auditory  cap- 
above  (after  Cuvier).  gule  may  be  largely  or  wholly  enclosed  in  tne 
,-n,|prv  lobes: ,  cranial  wallS)  or  attached  to  the  sides  of  the 

brain-case.  There  is  no  external  ear,  but 
in  the  Rays,  a  canal  leading  from  the  in¬ 
ternal  ear  opens  upon  the  surface  by  a 
minute  aperture.  In  all  other  fishes  there  is  no  external 
aperture  to  the  auditory  organs.  In  many  cases,  however, 
the  ear  is  brought  into  relation  with  the  swim-bladder.  I  ecu, 
liar  nervous  organs  of  Fishes  are  the  ‘‘electrical  organs 
which  are  developed  in  the  Electric  Rays  {Torpedo),  the  Elec¬ 
tric  Eel  ( Gyninotus),  and  in  some  other  forms.  1  he  situation 
of  these  organs  varies  in  different  cases,  but  they  are  always 
largely  supplied  with  nerves  from  the  fifth  pair  and  from  ti 

^As^egards  their  reproductive  organs,  Fishes  have  the  sexes 
distinct, &  except  in  the  Serranidce ,  and  in  a  few  other  cases. 
The  reproductive  organs  of  the  two  sexes  are  often  veiy  simi¬ 
lar  to  one  another,  the  ovaries  being  familiarly  known  as  fie 
while  the  testes  are  called  the  “  soft  roe  or  nn  . 


i  Olfactory  lobes  ;  c 
Cerebral  lobes ;  b 
Optic  lobes ;  a  Cere¬ 
bellum  ;  g  Fourth 
ventricle. 


»  ‘  VHP  \\  I11IC  l  in-  lcoicj  —  -  - 

The  ovary  is  single  in  the  Sharks  and  in  a  few  other  forms 
but  is  usually  paired,  and  there  are  two  testes  in  all  excq 
the  Marsipobranchs.  In  some  cases  the  generative  glands 
have  no  ducts,  and  the  generative  products  are  shed  into 
abdomhial  cavity,  and  reach  the  exterior  by  an  “abdominal 
nor^”  placed  behind  the  anus.  This  state  of  things  occurs  n 
lie  Marsipobranchs  and  in  the  females  of  the  Sa,!no" 

In  the  majority  of  the  Bony  Fishes  the  ovaries  and  testes  have 
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ducts  which  are  directly  continuous  with  them,  and  which 
open  on  the  surface  by  an  aperture  placed  just  behind  the 
anus.  .  In  all  the  Ganoids  (except  Lepidosteus),  and  in  the 
Dipnoi ,  the  generative  ducts  are  not  direct  prolongations  of 
the  generative  glands,  but  have  funnel-shaped  internal  aper¬ 
tures,  into  which  the  generative  products  are  dehisced.  The 
same  is  the  case  in  the  females  of  the  Sharks  and  Rays.  The 
Fishes  are  essentially  oviparous,  but  some  forms  (Viviparous 
Blenny,  Viviparous  Dog-fishes,  & c.)  are  ovo-viviparous ;  and 
in  most  of  the  latter  the  early  stages  of  development  are  under¬ 
gone  by  the  embryo  within  a  uterine  enlargement  of  the  ovi¬ 
duct.  The  ova  (spawn)  are  generally  fertilised  by  the  semen 
after  they  have  been  shed  into  the  water  j  but  in  some  cases 
sexual  congress  takes  place,  and  in  the  Sharks  and  Rays  the 
males  are  furnished  with  “claspers”  or  external  copulatory 
organs. 

As  regards  their  distribution  in  space ,  Fishes  are  essentially 
inhabitants  of  water,  and  most  live  exclusively  in  either  the 
sea  or  fresh  waters.  A  number  of  forms,  however,  have  the 
power  of  living  indifferently  in  either  salt  or  fresh  water,  and 
migrate  periodically  from  one  to  the  other.  Ceratodus  appears 
to  be  able  to  come  on  land,  breathing  by  means  of  its  lung ; 
and  the  African  Lepidosiren  ( Protopterus  annectens)  can  sur¬ 
vive  the  drying  up  of  the  pools  in  which  it  lives  by  buryino- 
itself  in  the  mud  in  a  kind  of  chamber.  Many  fishes  can  live 
a  considerable  time  out  of  water,  either  by  reason  of  the  nar¬ 
rowness  of  their  gill-slits  (as  in  Eels),  or  because  there  are 
special  arrangements  for  keeping  the  gills  moist. 

As  to  their  distribution  in  time ,  Fishes  are  the  most  ancient 
of  Vertebrates.  The  oldest  known  remains  of  Fishes  are  found 
m  the  Silurian  rocks,  the  still  more  ancient  fossils  known  as 
‘  Conodonts,”  being  almost  certainly  referable  to  the  Inver¬ 
tebrates.  I  he  two  most  ancient  groups  of  Fishes  are  the 
Ganoids  and  the  Elasmobranchs,  both  of  which  are  repre¬ 
sented  in  the  Silurian  period.  7  he  Dipnoi  are  also  a  very 
ancient  group,  appearing  for  the  first  time  in  the  Devonian. 
Un  the  other  hand,  the  Bony  Fishes  do  not  make  their  ap¬ 
pearance  till  late  on  in  the  Secondary  period  (in  the  Chalk), 
anc  we  have  no  knowledge  of  any  fossil  remains  referable  to 
e  groups  of  the  Marsipobranch  and  Pharyngobranch  Fishes. 


554 


DIVISIONS  OF  FISHES. 


CHAPTER  XLVIII. 

p ha r  yngobra nchii  and  marsipobranchii. 

Naturalists  usually  recognise  at  the  present  six  principal 
groups  or  orders  of  Fishes — viz.,  the  Pharyngobrancha  (Lance- 
let),  the  Marsipobranchii  (Lampreys  and  Hag-fishes),  Teleostei 
(Bony  Fishes),  Ganoidei  (Ganoid  Fishes),  Elasmobranchu 
(Sharks  and  Rays),  and  Dipnoi  (Mud-fishes),  lhe  Lancelet 
( Amphioxus )  is  the  sole  representative  of  the  order  Pharyngo- 
branchii ,  and  its  characters  are  so  abnormal  that  it  has  been 
often  regarded  as  the  representative  of  a  special  division  of 
Vertebrate  Animals,  to  which  has  been  given  the  names  of 
Acraniata  (from  the  want  of  a  skull),  or  Leptocardii  (from  the 
fact  that  the  heart  is  only  represented  by  pulsating  blood- 
sinuses).  Again,  the  orders  of  the  Ganoids,  Elasmobranchs, 
and  Dipnoous  Fishes  have  many  and  important  characters  in 
common,  and  they  have  therefore  been  grouped  together  by 
Dr  Gunther  into  a  special  sub-class  ot  Pisces  under  the  name 
of  Palceichthyes. 

Order  I.  Pharyngoeranchu  (  =  Cirrostomi,  Owen,  and 
Leptocardii ,  Muller).— This  order  includes  but  a  single  fish, 
the  anomalous  Amphioxus  lanceolatus  or  Lancelet  (figs.  3 3 -+> 
335),  the  organisation  of  which  differs  in  almost  all  important 
points  from  that  of  all  the  other  members  of  the  class,  'lhe  : 
order  is  defined  by  the  following  characters,  most  ot  which,  . 
as  will  be  seen,  are  negative  : — No  skull  is  present ,  nor  lowei 
jaw  ( mandible ),  nor  limbs.  The  notochord  is  pei  sis  ft  nt ,  an 
there  are  no  vertebral  centra  nor  arches.  No  distinct  brain  not 
auditory  organs  are  present.  In  place  of  a  distinct  heart ,  pul¬ 
sating  dilatations  are  developed  upon  several  of  the  great  blood¬ 
vessels.  The  blood  is  pale.  The  mouth  is  in  the  form  of  a  longi- 
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tudinal  fissure,  surrounded  by  filaments  or  cirri.  The  walls  of 
the  pharyjix  are  perforated  by  numerous  clefts  or  fissures,  the 
sides  of  which  are  ciliated,  the  whole  exercising  a  respiratory 
function. 

.  Lancelet  is  a  singular  little  fish,  from  one  to  two  inches 
in  length,  which  is  found  burrowing  in  sandbanks,  in  various 
seas,  but  especially  in  the  Mediterranean.  The  body  (fio-. 
334)  is  semi-transparent,  destitute  of  an  exoskeleton,  and 


F‘S'  334‘  Pharyngobranchii.  The  Lancelet  (Amphioxus  lanceolatus),  enlarged. 


^*^'335*  The  Lancelet  ( Amphioxus  lanceolatus ),  enlarged  to  twice  its  natural  size. 
0  Mouth;  0  Pharyngeal  sac  ;  g  Stomach;  h  Diverticulum  representing  the  liver' 
z  Intestine  ;  aAnus;  n  Notochord ;/ Rudiments  of  fin-rays  ; /Abdominal  pore. 


lanceolate  in  shape,  and  is  provided  with  a  narrow  mem¬ 
branous  border,  of  the  nature  of  a  median  fin,  which  runs 
along  the  whole  of  the  dorsal  and  part  of  the  ventral  surface, 
and  expands  at  the  tail  to  form  a  lancet-shaped  caudal  fin. 
No  true  paired  fins,  representing  the  anterior  and  posterior 
imbs,  are  present.  I  he  mouth  is  a  longitudinal  fissure, 
situated  at  the  front  of  the  head,  and  destitute  of  jaws.  It 
is  surrounded  by  a  cartilaginous  ring,  composed  of  many 
pieces,  which  give  off  prolongations,  so  as  to  form  a  number 
oi  ciliated  cartilaginous  filaments  or  “  cirri  ”  on  each  side  of 
the  mouth.  (Hence  the  name  of  Cirrostomi,  proposed  by 
Professor  Owen  for  the  order.)  The  throat  is  provided  on 
each  side  with  vascular  lamellae,  which  are  believed  by  Owen 
to  perform  the  function  of  free  branchial  filaments.  The 
mouth  leads  into  a  dilated  chamber  (fig.  335,  Is),  which  repre- 
sf  t^ie  pharynx,  and  is  termed  the  “  pharyngeal  ”  or  “  bran- 
c  ial  sac.  It  is  an  elongated  chamber,  the  walls  of  which 
are  strengthened  by  numerous  cartilaginous  filaments,  between 
w  ich  is  a  series  of  transverse  slits  or  clefts,  the  whole  covered 
y  a  richly-ciliated  mucous  membrane.  This  branchial  dila- 
ation  has  given  rise  to  the  name  Branchiostoma,  often  applied 
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to  the  Lancelet.  Posteriorly  the  branchial  sac  opens  into  an 
alimentary  canal,  to  which  is  appended  a  long  and  capacious 
sac  or  caecum  (/i),  which  is  believed  to  represent  the  liver. 
The  intestinal  tube  terminates  posteriorly  by  a  distinct  anus 
(a),  which  is  situated  at  the  root  of  the  tail  a  little  to  the  left 
of  the  median  line;  and  the  intestinal  mucous  membrane  is 
ciliated.  Respiration  is  effected  by  the  admission  of  water 
taken  in  by  the  mouth  into  the  branchial  sac,  having  previ¬ 
ously  passed  over  the  free  branchial  filaments  before  men¬ 
tioned.  The  water  passes  through  the  slits  in  the  branchial 
sac,  and  thus  gains  access  to  the  abdominal  cavity,  from  which 
it  escapes  by  means  of  an  aperture  with  contractile  margins 
situated  a  little  in  front  of  the  anus,  and  called  the  “  abdominal 
pore”  (/).  There  is  no  distinct  heart,  and  the  circulation  is 
entirely  effected  by  means  of  rhythmically  contractile  dilata¬ 
tions  which  are  developed  upon  several  of  the  great  blood¬ 
vessels.  In  other  words,  the  heart  retains  its  primitively 
tubular  condition,  and  special  contractile  dilatations  are  de¬ 
veloped  upon  other  vessels  (those  carrying  the  blood  to  the 
pharynx).  The  blood  itself  is  colourless.  No  kidneys  have 
as  yet  been  certainly  identified,  and  there  is  no  lymp  latic 
system.  There  is  no  skeleton  properly  so  called.  In  place 
of  the  vertebral  column,  and  constituting  the  whole  endoskele- 
ton,  is  the  semi-gelatinous  cellular  notochord  («),  enclosed  in 
a  fibrous  sheath,  and  giving  off  fibrous  arches  above  and  below^ 
The  notochord  is,  further,  peculiar  in  this,  that  it  is  prolonged 
quite  to  the  anterior  end  of  the  body,  whereas  in  all  other 
Vertebrates  it  stops  short  at  the  pituitary  fossa.  There  is  no 
cranium,  and  the  spinal  cord  does  not  expand  anteriorly  to 
form  a  distinct  cerebral  mass.  The  brain,  however,  may  be 
said  to  be  represented,  since  the  anterior  portion  of  the  ner¬ 
vous  axis  gives  off  nerves  to  a  pair  of  rudimentary  eyes,  and 
another  branch  to  a  ciliated  pit,  believed  to  represent  an 
olfactory  organ.  The  generative  organs  (ovaria  and  testes) 
are  not  furnished  with  any  efferent  ducts  (oviduct  or  vas 
deferens).  The  generative  products,  therefore,  are  shed  into 
the  abdominal  cavity,  and  gain  the  external  medium  by  the 

“  abdominal  pore.”  •  .  ond 

Order  II.  Marsipobranchii  (  =  Cyclostomt,  Owen  ,  and 

Cyclostomata ,  Muller).— This  order  includes  the  Lampreys 
( Petromyzonida)  and  the  Hag-fishes  (Myximdcc)  and  is  defined 
by  the  following  characters  -.—  The  body  is  cylindiual  a 
like ,  and  destitute  of  limbs.  The  skull  is 
cranial  bones ,  and  having  no  lower  jaw  {mandible).  /  < 
chord  is  persistent,  and  exhibits  no  vertebral  segmentation.  1 
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hccu-f  consists  of  one  auricle  and  one  ventricle ,  but  the  branchial 
artery  is  not  furnished  with  a  bulbus  arteriosus.  The  gills  are 
sac-like  and  are  not  ciliated. 

Phe  type  piscine  organisation  displayed  in  the  Marsipo- 
branchn  is  of  a  very  low  grade,  as  indicated  chiefly  by  the 
persistent  notochord  without  vertebral  centra,  the  absence  of 
any  traces  of  limbs,  the  absence  of  a  mandible,  and  the  struc¬ 
ture  ot  the  gills. 

both  the  Lampreys  and  Hag-fishes  (fig.  336)  are  vermiform, 


F‘^  ing^  the' sticker' like  £Sip05"SChii-  A’  Myf^SlutinoSa,  the  Hag-fish,  show- 

esfapes  from  thesis  pLhnR  TtW°  ventra>opemngs(/p  by  which  the  water 
shnwint  rhf  gl,  V-  :,h  Rlver  LamPrey  or  Lampern  (Petromyzon  fluviatilis ) 

showing  the  seven  branchial  apertures  on  the  side  of  the  neck.  J  J  >< 

eebhke  fishes,  which  agree  in  the  total  want  of  scales,  and  in 
the  absence  of  paired  fins  representing  the  limbs.  The  hinder 
end  of  the  body  is  furnished  with  a  median  fin.  The  skeleton 
remains  throughout  life  in  an  extremely  imperfect  condition, 
tie  chorda  dorsalis  being  persistent,  and  not  exhibiting  seg¬ 
mentation  into  definite  vertebrae.  The  neural  arches  are, 
however,  represented  by  cartilaginous  rudiments,  and  similar 
uaiments  in  the  caudal  region  may  represent  haemal  arches. 

e  s  u  is  partly  membranous  and  partly  cartilaginous,  and 
is  not  movable  on  the  notochord. 

cn  lhe  n^out^  '.s  destitute  of  proper  jaws,  and  is  adapted  for 
■  etion,  fleshy  lips  being  present  in  the  Lampreys.  Typically, 
he  m0uth  has  the  form  of  a  circular  cup-like  sucker,  the  inner 
•'"a,ce  ,  which  is  furnished  with  more  or  less  numerous 
ip  e  iorny  teeth  developed  in  the  buccal  mucous  mem- 
ane.  At  the  bottom  of  the  sucker  is  the  aperture  of  the 
out  ,  in  which  is  a  piston-like  tongue,  also  armed  with  teeth 
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(fig-  .337)- 
median  fan 


In  the  Hag -fishes  ( Myxine )  there  is  a  single 
5-like  tooth  on  the  palate,  and  small  comb-like 
teeth  on  the  tongue.  By  the  retraction  of  the  piston-like 
ton  one,  the  mouth  can  be  used  as  a  sucker,  enabling  the 

Marsipobranchs  to  attach  them¬ 
selves  firmly  to  foreign  objects. 

The  form  of  the  respiratory  or¬ 
gans  among  the  Marsipobranchs  is 
quite  peculiar.  There  are  no  bran- 
'  chial  arches,  as  in  Fishes  generally, 


mx 


but  the  gills  have  the  form  of  a 


Fig.  337.— Mouth  of  Lamprey  (Pc- 
tromyzon Jluvicitilis ).  >nx  Maxil¬ 
lary  tooth  ;  md  Mandibular  tooth  , 
/  Lingual  tooth ;  s  Suctorial  teeth. 
(After  Gunther.) 


same  differin 


number  of  flattened  sac-like  pouches 
situated  on  both  sides  of  the  oeso¬ 
phagus.  In  the  Lampreys  there  are 
seven  of  these  pouches  on  each  side, 
and  six  on  each  side  in  the  Hag- 
fishes;  the  arrangements  for  the  ad¬ 
mission  of  water  to  the  branchial 
sacs  and  its  expulsion  from  the 
in  important  particulars.  In  the 


Hag-fishes 


(fi 


338),  the  water  is  admitted  to  the  gullet  through  the 


I 


I  J]U,  /  /  O  )  5  Lilt  V  V  Cl  Ivl  1  v.  . 

unpaired  nasal  sac,  which  has  the  peculiarity  that  it  opens 
into  the  throat  behind.  On  each  side  of  the  gullet  are  six 
apertures  through  which  the  water  is  conducted  by  short 
canals  into  the  six  branchial  sacs,  the  walls  of  which  are  11c  lily 
•vascular  and  thus  officiate  as  breathing-organs.  From  each 
branchial  sac  the  water  is  carried  off  by  a  special  efferent  duct, 
and  the  six  efferent  ducts  on  each  side  combine  to  form  two 
common  branchial  ducts,  which  open  on  the  ventral  surface 
of  the  body,  far  behind  the  head,  by  a  pair  of  approximated 
branchial  pores  (fig.  338,  /)•  On  the  left  side  there  is  also  a 
special  canal  (ductus  oesophago-cutaneus)  which  leads  from  the 
gullet  into  the  common  branchial  duct  on  each  side. 

In  the  Lampreys  there  are  seven  branchial  pouches  on  eaci 
side,  and  these  open  laterally  on  the  sides  of  the  neck  by  a 
corresponding  number  of  round  apertures  (fig.  336,  B),  each 
<dll-sac  thus  having  a  separate  efferent  duct.  '1  he  inner  ducts 
of  the  branchial  sacs  of  the  two  sides  open  into  an  unpaired 
common  tube,  which  lies  in  the  middle  line  beneath  the  gullet, 
and  opens  in  front  into  the  pharynx,  while  it  terminates  blindly 
behind  Though  no  branchial  arches  are  present  m  the  Lam¬ 
preys,  the  gill-sacs  are  supported  by  a  curious  basket -like 

apparatus  of  cartilaginous  rods.  ti-w*  heart 

There  is  no  air-bladder  in  the  Marsipobranchs.  1  he  heart 
is  of  the  piscine  type,  consisting  of  an  auricle  and  ventricle , 
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artery  is  not  contractile, 
bulb.  The  branches  of 
number  with  the  eill- 


m 


but  the  base  of  the  branchial 
and  there  is  no  proper  arterial 
the  branchial  artery  correspond 
pouches,  and  the  branchial 
veins  unite  to  form  the  sub- 
vertebral  aorta. 

The  alimentary  canal  is  sim¬ 
ple  and  straight;  the  liver  is 
not  sac-like,  but  of  its  ordinary 
form,  and  the  kidneys  are  dis¬ 
tinct,  but  exhibit  various  em¬ 
bryonic  features.  The  sexes 
are  distinct,  and  the  unpaired 
reproductive  glands  are  duct¬ 
less,  the  generative  elements 
being  shed  into  the  abdomen, 
and  escaping  thence  by  a 
“generative  pore”  placed  be¬ 
hind  the  anal  aperture. 

Lastly,  the  Marsipobranchs 
are  peculiar  in  having  a  single 
median  tubular  nasal  sac,  with 
a  correspondingly  unpaired  ex¬ 
ternal  nostril.  In  the  Lam¬ 
preys,  as  in  Fishes  generally, 
the  nasal  sac  does  not  open 
behind  into  the  mouth ;  but  in 
the  Myxinoids  the  nasal  sac 
opens  posteriorly  upon  the  pal¬ 
ate,  and  the  water  required  for 
respiration  is  conducted  into 
the  gullet  through  the  nasal 
cavity. 

The  Marsipobranchs  live  part¬ 
ly  in  the  sea  and  partly  in  fresh 
"'ater,  some  types  frequenting 
salt  water,  but  ascending  rivers 
!°r  the  purpose  of  spawning, 
f-o  certain  remains  of  fishes 
belonging  to  this  order  have 
been  discovered  in  a  fossil 
condition. 

{ 'i ml L*  H ' '  r“ ! L<1  nt?  —  lwo  Rroul,s  o{  the  Lampreys 
is  a  comnl  he  1  ag’fishes  {Myxtntda).  In  the  Lampreys,  there 

u  ar  sucking  mouth,  armed  with  numerous  horny  teeth 


338.— Anterior  portion  of  the  body  of 
the  Hag-fish  (Myxine  glutinosa),  laid 
open  on  the  ventral  side  to  show  the 
branchial  sacs,  at  The  gullet  laid  open, 
showing  on  each  side  the  six-  apertures 
by  Which  the  water  is  conducted  to  the 
corresponding  branchial  pouches  (g)  ; 
"  One  of  the  efferent  ducts  by  which  the 
water  is  conducted  away  from  the  bran¬ 
chial  pouches  ;  cd Common  efferent  duct 
on  the  left  side,  opening  on  the  ventral 
surface  by  a  branchial  pore  (/) ;  gd 
Special  canal  (ductus  cesophago-cutane- 
us)  developed  on  the  left  side  only,  and 
leading  from  the  gullet  into  the  com¬ 
mon  branchial  duct ;  n  Unpaired  nostril, 
with  its  “barbels”;  m  Opening  of  the 
mouth. 
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(fi<r  337)  Eyes  are  present,  the  single  nostril  is  on  the  top  of  the  head, 
and  the7  nasal  sac  terminates  blindly  behind.  The  branchial  pouches  are 
seven  in  number  on  each  side,  opening  on  the  side  of  the  neck  by  as  many 
distinct  apertures.  The  great  Sea-lamprey  (. Petromyzon  martnus)  quits 
the  salt  water  in  spring,  and  ascends  rivers  for  the  purpose  of  spawning 
The  common  River-lamprey  (Petromyzon  fluviatilis)  inhabits  fresh  wate, 
exclusively.  The  Lampreys  feed  principally  on  other  fishes,  to  which 
they  attach  themselves  by  their  suctorial  mouths.  The  young  Lamprey 
passes  through  a  metamorphosis,  being  without  eyes  or  teeth,  and  so  un¬ 
like  the  adult  that  a  special  genus  (. Ammoccctes )  was  founded  on  their  first 

dl lii 'the^ Hag-fishes  {Myxinida)  the  mouth  is  without  lips,  and  furnished 
wi!h  fleshy  filaments  or  “barbels”  (fig.  338,  *). .  The  single  externa 
nostril  is  placed  at  the  front  of  the  mouth,  and  is  surrounded  by  four 
barbels  (fi£  338,  n)  ;  and  the  nasal  sac  opens  behind  upon  the  palate. 
There  are  six  pairs  of  branchial  sacs,  and  in  Myxine  the  efferent  ducts  of 
these  unite  to  form  two  efferent  ducts  which  open  by  a  pair  of. pores ,  pkced 
some  distance  behind  the  head  upon  the  ventral  surface.  In  the  allied 
genus  Bdellosloma,  the  gill-pouches  have  separate  external  _ape  ^  ™ 
eves  are  hidden  beneath  the  skin,  and  are  without  function.  I  he  l  g 

fishes  have  a  single  median  fang  upon  the  palate,  and  by  means  of  this 
thev  bore  their  way  into  the  abdominal  cavity  of  other  fishes,  to  which 
they  first  attach  themselves  by  their  suctorial  mouth.  1  he  common  a|- 
fish  or  “Glutinous  Hag”  ( Myxine  glutmosa )  lives  parasitically  m  this 
wav  in  the  interior  of  the  Cod  and  other  allied  fishes.  It  derives  its  com¬ 
mon  name  from  the  great  quantity  of  slimy  mucus  which  it  has  the  power 
of  secreting,  and  it  is  found  in  the  North  Atlantic  genera  }. 


CHAPTER  XL  IX. 

TE  LEO  ST El. 

Ordfr  III  Teleostei. — This  order  includes  the  great  ma-  1 
jority  of  fishes  in  which  there  is  a  well-ossified  endoskeleton, 
and  it  corresponds  very  nearly  with  Cuviers  division  of  the 
“  Osseous  Fishes.”  The  Teleostei  are  defined  as  follows  .  Tin 
Mon  is  usually  well  ossified;  the  cranium  is  P^vtded with 
cranial  hones,  and  a  mandible  is  present ;  whist  the  vertebral 
column  almost  always  consists  of  more  or  less  comp/e  felyossifieii 
ampliiccelous  vertebras.  The  pectoral  arch  has  a  'da wnk;  and 
the  two  pairs  of  limbs,  when  present,  are  in  the  form  of  fins  suf 
ported  by  rays.  The  gills  are  free,  pectinated  or  tufted  in  shape, 
Pa  bony  mil-cover  and  branchiostegal  rays  being  always  developed] 
The  branchial  artery  has  its  base  developed  into  a  bulbus  at  tin  - 
oms  •  but  this  is  never  rhythmically  contractile,  and  is  separatedl 
from  the  ventricle  by  no  more  than  a  single  row  of  valves. 
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The  order  Teleostei  comprises  almost  all  the  common  fishes  • 
and  it  will  be  unnecessary  to  dilate  upon  their  structure,  as 
they  were  taken  as  the  types  of  the  class  in  giving  a  general  de¬ 
scription  of  the  Fishes.  It  may  be  as  well,  however,  to  recapit- 
ulate  very  briefly  some  of  the  leading  characters  of  the  order. 

I  he  skeleton ,  instead  of  remaining  throughout  life  more  or 
less  completely  cartilaginous,  is  now  always  more  or  less 
thoroughly  ossified.  The  notochord  is  not  persistent,  and  the 
veitebial  column,  though  sometimes  cartilaginous,  consists  of 
a  number  of  vertebra.  The  bodies  of  the  vertebra  are  con¬ 
cave  at  both  ends  (“  amphicoelous  ”),  the  doubly-conical  cavi¬ 
ties  formed  by  the  apposition  of  the  centra  of  each  successive 
pair  of  vertebra  being  filled  with  the  gelatinous  remains  of  the 
notochord.  I  he  skull  is  always  largely  composed  of  distinct 
cranial  bones,  and  a  lower  jaw  or  mandible  is  invariably 
present.  y 

The  anterior  and  posterior  pairs  of  limbs  are  usually,  but 
not  always  present,  and  when  developed  they  are  always  in 
the  form  of  fins.  The  fins  may  be  supported  by  “  spinous  ”  or 
soft  rays  of  which  the  former  are  simple  undivided  spines 
0  bone,  whilst  the  latter  are  divided  transversely  into  a  num¬ 
ber  of  short  transverse  pieces,  and  also  are  broken  up  into 
a  number  of  longitudinal  rays  proceeding  from  a  common 
root.  (  he  fishes  with  soft  rays  in  their  paired  fins  are 
said  to  be  “  malacopterygious  ” — those  with  spinous  rays, 
acanthopterygious.  )  3  ’ 


hg'hm9dhT,;eo^f"nZ^'^h  0  Gill-cover,  with  the  gill-slit  be- 

fin;  ✓  TheseZ.d  lnZl  fi„  fin&the  le?  j  »  The  ventral  fin  ;  d  The  first  dorsal 
ne  second  dorsal  fin,  r  I  he  caudal  fin  or  tail ;  a  The  anal  fin ;  l  Lateral  line. 

JiS|des  th,e  Paired  fins>  representing  the  limbs,  there  is  a 

sione  f  u-U?ber  °!  unPaired  or  azygous  integumentary  expan¬ 
ds,  which  are  known  as  the  “median  fins.”  When  fully 

2  N 
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developed  (fig.  339),  they  consist  of  one,  two,  or  three  fins  on 
the  back— the  “dorsal”  fins;  one  or  two  on  the  ventral  sur- 
face— the  “anal”  fins;  and  one  clothing  the  posterior  ex¬ 
tremity  of  the  body— the  “caudal”  fin.  The  tail-fin  is  equi- 
lobed  and  superficially  quite  symmetrical,  and  is  therefore 
what  is  called  “  homocercal.”  As  a  general  rule,  however, 

the  tail  is  in  reality  more  or  less 
“heterocercal,”  the  termination  of 
the  notochord  being  prolonged  up¬ 
wards  into  its  upper  lobe,  and  the 
haemal  spines  becoming  fused  to 
form  one  or  more  “hypural”  bones, 
to  which  the  fin-rays  are  symmet¬ 
rically  attached.  The  turned-up 
extremity  of  the  notochord  may  in 
such  cases  remain  unossified,  or  its 
sheath  may  become  bony,  and  form 
a  “urostyle,”  which  becomes  am¬ 
algamated  with  the  upper  edge  of 
the  “hypural”  bones.  In  certain 
cases,  the  tail  may  be  “  diphycer- 
cal,”  the  termination  of  the  spinal 
column  being  placed  in  the  centre 
of  the  caudal  fin-rays. 

The  heart  consists  of  two  cham¬ 
bers,  an  auricle  and  a  ventricle, 
and  the  branchial  artery  is  fur¬ 
nished  with  a  bulbus  arteriosus. 
The  arterial  bulb,  however,  is  not 
furnished  with  a  special  coat  of 
striated  muscular  fibres,  is  not 
rhythmically  contractile,  and  is 
separated  from  the  ventricle  by 
no  more  than  a  single  row  of  valves. 

The  respiratory  organs  (fig.  34°) 
consist  of  free,  pectinated,  or  tutted 
branchiae,  situated  in  two  branchial 
chambers,  each  of  which  communi¬ 
cates  internally  with  the  pharynx 
by  a  series  of  clefts,  and  opens  ex¬ 
ternally  on  the  side  ot  the  ueck 
by  a  single  aperture  (or  “gill-slit  ). 

which  is  protected  in  front  by  a  ^bony  gill-cover  (fig.  34°. 
,,-a  and  is  also  closed  by  a  “  branchiostegal  membrane, 
supported  upon  “branchiostegal  rays.”  the  branchiae 


fig.  340. — Diagram  to  show  the  ar¬ 
rangement  of  the  gills  in  a  leleo- 
stean,  as  seen  in  a  horizontal  sec¬ 
tion  of  the  branchial  chamber  on 
one  side,  gc  Gill-cover;  gs  Gill- 
slit  ;  be  Common  branchial  cham¬ 
ber  ;  bti  1  to  ba  4  The  first  four 
gill-bearing  branchial  arches,  the 
first  three  having  a  double  series 
of  branchial  lamina;,  the  fourth 
having  only  a  single  series ;  ba  5 
The  rudimentary  fifth  branchial 
arch  (“  inferior  pharyngeal  ”  bone), 
which  carries  no  gills ;  eg  Pseudo- 
branchia  or  “opercular  gill,  de¬ 
veloped  on  the  inner  face  of  the 
gill-cover.  The  arrows  show  the 
passage  of  the  water  through  the 
branchial  fissures  and  out  by  the 
gill-slit. 
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attached  to  a  series  of  bony  branchial  arches  (generally 

\'n  ti”  fach  Slde’.but  only  the  anterior  four  bearing  gills! 
-  tie  four  anterior  arches  may  carry  each  a  double  row 
bianchial  laminae,  but  very  commonly  the  fourth  arch 

tmTnf  °n  m  a  ;s'”sle /,0"'  (%  340,  ba  4),  or  may  be  desti¬ 
tute  of  a  gill.  I  he  fifth  branchial  arch  (ba  5)  is  without  mils 

teeth IS  ami  U^e(f  t0  ?  ^era<t<obf nchial  piece,  which  carries 
u  ’  .  s  f-eymed  the  inferior  pharyngeal  bone”  A 

facrof^h?^^  {°g\  'S  Se,!eralIy  developed  on  the  inner 
1  T,  f  1-cover,  but  it  has  no  respiratory  function. 

cavity  o?  , he  ^ary.T"  C°mmUnicat-=  ^rioAy  with  the 

The  exoskeleton  usually  has  the  form  of  overlapping  hornv 

absent 0LmetCyC  Old  ^  Ctei\°id  characteri  bat  it  is  sometimes 
absent,  sometimes  composed  of  scattered  plates  of  true  bone 

bony 1  sphmsf 01  d>  “d  S°metimeS  ^  ^  shagremr-hke 

St?maPh  1S  spacious;  pyloric  creca  are  mostly  present  ■ 
he  intestine  has  no  spiral  valve  ;  and  the  rectum  usually  opens 
separate  from  and  in  front  of  the  genital  and  urinary  apertires 
The  air-bladder  may  or  may  not  be  present,  and  may  or  may 

XedTJTT  ’  ll,e  The  Wd"^  are^  well  d* 

veioped,  and  the  ureters  unite  to  open  by  a  single  median 

aperture  placed  in  the  middle  line  behind  the  anus.  The 

the  Lids  thT°fUCtiVe/andS  arG  direCt1^  continuous  with 
in  front  of  ft  ? ^  °pen  by  a  common  aperture  just 
SalnnL  J  $ing  e  urmary  opening.  In  the  females  of  the 

Ste  bv  an  "h  /he  °Ta  arC  Sh6d  int°  the  abdomen,  and 
reproducdve  al  ,P°re;  while  in  the  ^rmmdat  the 

The  dl°fr b°th  S6XeS  are  without  efferent  ducts, 

sentitlves  nf  tiean  f  lsheJ.are  b>'  far  the  most  abundant  repre- 
noTknown  to  ^  $  at  the  Present  day,  but  they  are 

ozoic  or  L  v  C°me  mt°  exiStence  at  a11  during  the  Pala- 
°  1  u  ?  port.lon  of  the  Mesozoic  period.  The 

detect'd^  i  I ?  ?TmS  °f  Te]eostean  fishes  have  been 
forms  innpn  |  C  S  0  Cetaceous  age;  but  as  many  generic 
to  ex-  E  r  e’  and  a$  a  number  of  tbese  are  closely  allied 
appearance  nf^S>  m  imay  be  Safdy  concluded  that  the  first 
to  the  ^  •  K  ch-'osteans  was  at  some  period  long  anterior 

to  he  deposition  of  the  Chalk. 

orders  Lder  *be  '^'e^eos^ei  *s  divided  into  the  following  sub- 

— Thi=0fDKR  j'  MalaC0pteri,  Owen  (  =  Physostomi,  Muller), 
set  nf  fn'1  >0rdcr  ts  defined  by  usually  possessing  a  complete 
1  s,  supported  by  rays,  all  of  which  are  “soft”  or  many- 


564 


MANUAL  OF  ZOOLOGY. 


jointed,  with  the  occasional  exception  of  the  first  rays  in  the 
dorsal  and  pectoral  fins.  A  swim-bladder  is  generally  present, 
and  when  present,  always  communicates  with  the  oesophagus 
by  means  of  a  pneumatic  duct.  The  skin  is  rarely  naked,  an 
mostly  furnished  with  cycloid  scales;  but  in  some  cases 

ganoid  plates  are  present. 


In  a  number  of  Malacopterous  Fishes— hence  caUed  ^/^rt— the  ventral 
K  the  youSg  again  nrahe  their  way  1™  the  -  tnto 

r,le,,aEl=«ri°c of'  South  America,  which  has  .he 

the  common  Pike  {Esox  lucius).  (j)  o.wW'hub  {Leucisctis  rutiliis  and 

Ac.  (5)  je  ,  pony  scutes  Iu  various  forms  of  this  family  the  first 
or  furnished  with  bony  scutes  that  of  the  dorsal  fin,  is  111  the  form 

f  A  rn-hnow„  «ample  or 

S'commm  ‘^Cahfishes^tof  North  America  also  be.otrg  to  this  family 


Sub-order  B.  Anacanthini.  —  This  sub -order  is  distin¬ 
guished  by  the  fact  that  the  fins  are  entirely ^ifstThe  ven 
« Soft ”  rays,  and  never  possess  “spiny  rays  ,  whilst  the  ten 


tral  fins  are  either  wanting,  or,  if  present,  are  placed 
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a  ductPreSent  ^  d°eS  n0t  communicate  with  t]ie  oesophagus  by 

S.n(]a^W  JUt  o{*fh*  Ule  flla11  group  represented  by  forms  such  as  the 
.  and-eeE  (Ammodytes),  m  which  ventral  fins  are  wanting  or  rudimentary 
the  Anacanthim  possess  ventral  fins  which  are  “jugular”  in  position 
These  more  typical  Anacanthinous  fishes  ( Sub-brachiata )  comprise  the  two 

CoTfamilW  Gadf/  T  *  a"d  Pleuronectid*-  The  members  of  the 
Cod  family  {Gad! dec)  are  very  numerous,  and  they  are  almost  entirely 

confined  to  the  sea.  Among  the  best-known  types  are  the  Cod  (CadJs 
morrhua,  fig.  341),  the  Haddock  ((7.  vglefinm),  the  Whiting  (Gmer 
langus),  and  the  Coal-fish  (G.  viseus).  g  { 

PIIn  group  of  the  Pleuronectidcc  or  “  Flat-fishes  ”  are  comprised  the 
Vhnct{Pleuronectes  platessd),  the  Flounder  (P.  fesus),  the  Soles  (So  lea) 
the  Turbot,  Brill  &c.  (Rhombus),  the  Halibut  (Hippoglossus  vuParis)  and 
many  other  allied  forms,  all  of  which  are  distinguished  by  a  veiw  cu’rious 
modification  in  the  form  of  the  body.  The  body,  namely,  in  all  the™ 
fishes  (fig.  342)  is  very  much  compressed  from  side  to  side,  and  is  bordered 


F 'S'  342-  Pleuronectidae  ( Rhombus  punctatus).  Natural  size  (after  Gosse). 


^tefid?andWth“ S  Iwimstn  a  SafpSio^ 

cranial  bones  When  adult  h/t^6  1Cad’  °-  by  a  Partial  twisting  of  the 
head  (fig  Si  I  ’  b°th,eyes  are  situated  upon  one  side  of  the 

coloured' on  this  asnect  whT  ^  thls.  s'de  uppermost,  and  is  dark- 

white.  From  this  habit  of  rhe  Fla  fiTP°S1rte  S'de’  on  which  k  rests.  is 
the  sides  are  often  1  1- .  1  C  1  lat/shes of  resting  upon  one  fiat  surface, 

body.  This  however  i'^  Up°n  as  tbe  dorsal  and  ventral  surfaces  of  the 
‘he  mired fin, to hi,’  ^,TO/neous:  as  they  are  shown  by  the  position  of 
its  t^o  sides  unen-l  S  ^  ate\al  spaces  of  the  body/  The  mouth  lias 
iook  like  a  continuation  r  Pth  / Si  «re  rare,y  of  lhe  same  size,  the  ventrals 
in  number.  16  ana  n>  and  the  branchiostegal  rays  are  six 

ter?sUed0hEvDrt.^  A“N™0™'— This  sub-order  is  eharac- 
L»y  the  fact  that  one  or  more  of  the  first  rays  in  the 
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fins  are  in  the  form  of  true,  unjointed,  inflexible,  “spiny'  rays. 
The  exoskeleton  consists,  as  a  rule,  of  ctenoid  scales.  I  he 
ventral  fins  are  generally  beneath  or  in  advance  of  the  pecto¬ 
rals,  and  the  duct  of  the  swim-bladder  is  invariably  obliterated. 

The  sub-order  of  the  Acanthopterous  fishes  includes  the  two  tribes  of 
the  Pharyngognathi  and  the  Acanthopteri  veri.  In  the  former  of  these  the 
inferior  pharyngeal  bones  become  anchylosed  so  as  to  form  a  single  bone, 
which  is  usually  armed  with  teeth.  The  scales  may  be  of  the  ctenoid 
or  cycloid  type>  The  principal  family  included  under  the  tube  of  the 
Ph7ryn^gnaM is  that  of  the  “Wrasses”  (LabruLe),  in  which  the  scales 
are  of  the  cycloid  character.  Many  forms  belonging  to  this  group  are 
known  living  in  shallow  water  in  temperate  and  tropical  seas. 

In  the  tribe  of  the  Acanthopteri  veri,  the  inferior  pharyngeal  bones 
remain  distinct,  and  are  not  anchylosed  with  one  another.  In  this  very 
extensive  group  are  comprised  a  number  of  families,  of  which  the  follow 
ingareth!  most  important  :-(U  The  Perchfam.ly^yri^jconiprising 
the  common  Perch  (Perea  fluviatihs),  the  Lass  (Labi ax),  the  .  tic 
SJlSTa»^«4  &c.  the  members  of  the 

marine  sometimes  fresh-water  in  habit;  their  scales  are  of  the  ctenoid 
type  •  and  they  commonly  have  the  edge  of  the  operculum  and  pr.xopei- 
type,  anu  mey  :  s  i2)  The  Mullet  family  (Mugilidte). 

S  U)  The  Maclcl  family 

comprising  the  common  Mackerels  (Scomber),  the  Tunny  (Phynnus  thj  n- 
/nl<  and  “  Bonito”  (71  pelaviys),  and  the  Sucking-fishes  (Lchaieis).  (5) 

(c.  /«*«)  of  o»,  cojsyo- 

tor  ins)  is  a  good  example. 

Sub-order  I).  Plectognathi.— This  sub-order  is  charac¬ 
terised  by  the  fact  that  the  maxillary  and  prsemaxillaiy  bone 
are  immovably  connected  on  each  side  of  the  jaw.  1  lie  endo- 
skeleton  is  only  partially  ossified,  and  the  vertebra  column 
often  remains  permanently  cartilaginous.  The  exoskeleton 
in  the  form  of  ganoid  plates,  scales,  or  spines.  1  he  ventral 
fins  are  generally  wanting,  and  the  air-bladder  is  destitute  of  a 

duct. 

The  most  remarkable  fishes  of  this  section  arc 
Sl'nimmo^e  cTJ,  corned  ofbjc  ganoid  plates,  firmly  united 

section  also  includes  the  File-fishes  (**- 
tube)  and  the  Globe-fishes  (Gynmodontidn). 
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Sub-order  E.  Lophobranchii.— This  is  a  small  and  unim- 
poitant  group,  mainly  characterised  by  the  peculiar  structure 
o  the  guls,  which  are  arranged  in  little  tufts  upon  the  branch- 
ial  arches,  instead  of  the  comb-like  plates  of  the  typical  Bony 
Pishes.  The  endoskeleton  is  only  partially  converted  into 
lone,  and  the  exoskeleton,  by  way  of  compensation,  consists 
of  ganoid  plates.  The  swim-bladder  is  destitute  of  an  air-duct. 

„n,Th.e  sl"Su!ar  Sea-horses  (Hippocampi da),  now  kept  in  most  of  our  large 
'5“  'la’  belong  to  this  sub-order,  but  the  only  point  about  them  which  ll- 

l  h  a  S°ouenf  CUn°r  faCt/hat  the  males  in  this  are  provided 

with  a  sort  of  marsupial  pouch,  into  which  the  eggs  are  placed  by  the 

"'T,Ch  ‘he  T"8'  Wh“  h““hrf.  “  «i«Pif  ,h reSe.id 
ny  any  danger.  This  singular  cavity  is  only  found  in  the  males  and  is 

fema  e  fish  has6  h“  f  the  allied  Senus  Solenostoma  the 

female  fish  has  a  brood-pouch  formed  out  of  the  ventral  fins,  in  which  the 

^ore  famdiar  than  the  Sea-horses  are  the  Pipe-fishes 
wyngnathidtz),  of  which  one  species  occurs  commonly  on  our  shores. 


CHAPTER  L. 

GANOIDEI. 

Order  IV.  Ganoidei.— The  fourth  order  of  fishes  is  the  large 
and  important  one  of  the  Ganoid  fishes,  represented,  it  is  true 
by  few  living  forms,  but  having  an  enormous  development  in 
past  geological  epochs.  For  this  reason  the  study  of  the 
Ganoid  fishes  is  one  which  claims  considerable  attention. 

By  Dr  Gunther  the  Ganoids  are  included  with  the  Elasmo- 
branchs  in  a  primary  division  of  Fishes  to  which  the  name  of 
Ealceiclithyes  is  given,  and  which  is  defined  by  the  possession 
ot  a  rhythmically  contractile  bulbus  arteriosus,  the  presence  of 
a  spiral  valve  in  the  intestine,  and  the  fact  that  the  optic 
nerves  either  do  not  decussate,  or  do  so  only  very  partially, 
the  same  high  authority  regards  the  Dipnoous  Fishes  as  con¬ 
stituting  a  sub-order  of  the  Ganoids. 

The  order  Ganoidei  may  be  defined  by  the  following  char- 
cters  :  The  skeleton  is  cartilaginous  or  ossified ,  and  there  are 
is  met  aanial  bones,  or  the  cartilaginous  cranium  is  invested  by 
membrane-bones.  The  exoskeleton  is  in  the  form  of  ganoid  scales 
r  shields,  or  the  skin  is  naked.  Both  fairs  of  limbs  are  present 
and  the  ventral  fins  are  abdominal  in  position.  The  caudal  fin 
■  generally  heterocercal ,  but  may  be  diphy cereal.  A  swim-bladder 
s  always  present,  and  has  a  pneumatic  duct.  The  intestine  is 
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furnished  with  a  spiral  valve.  The  gills  are  free,  and  there  is  a 
single  gill-slit  on  each  side,  protected  by  a  gill-cover.  The  bulbus 
arteriosus  is  furnished  with  a  special  muscular  coat,  is  rhythmi¬ 
cally  contractile ,  and  is  provided  with  several  transverse  rows  op 

valves  .  • 

The  condition  of  the  endoskeleton  varies  greatly  in  different 

Ganoids.  In  some  forms,  such  as  the  Sturgeons  and  many 
extinct  types,  the  notochord  is  persistent,  and  exhibits  no 
vertebral  segmentation  beyond  the  presence  of  neural  and 
haemal  arches.  In  such  forms,  the  cartilaginous  cranium  is 
more  or  less  largely  protected  by  membrane-bones.  In  all 
the  living  Ganoids  except  the  Sturgeons,  the  notochord  is 
more  or  less  completely  ossified,  Polypterus  and  Anna  having 
amphiccelous  vertebrae,  while  in  the  Bony  I  ike  (Lepidostem) 
the  vertebral  centra  are  opisthoccelous,  or  concave  behind 
and  convex  in  front.  This  is  the  highest  point  of  development 
reached  in  the  vertebral  column  of  any  Fish.  Ihe  tail  of  the 
Ganoids  is  generally  heteroceral,  the  vertebral  column  buna 
prolonged  into  the  upper  lobe,  as  in  Lepidosteus  (fig.  34 3,  Ah 


having  a  diphycercal  tail. 


or,  more  markedly,  in  the  Sturgeons.  In  other  cases,  as  m 
Polypterus  (fig.  344,  A),  the  tail-fin  is  diphycercal,  as  it  is  also 

in  many  extinct  types  (fig.  343,  k).  .  r  -j  „n(i 

Both  pairs  of  limbs  are  present  in  all  recent  Ganoids,  an 
the  ventral  fins  are  placed  far  back,  in  the  neighbourhood  of 
the  anus.  In  the  living  Polypterus  (hg.  344,  A),  and  in  various 
extinct  Ganoids,  the  fin-rays  of  the  paired  tins  are 
as  to  form  a  fringe  round  a  central  scaly  lobe.  Sue 
have  been  termed  by  Professor  Huxley  Crossopter^gidc  , 
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“  Fringe-finned  ’  Ganoids.  In  many  Ganoids  the  first  rays  of 
ceitain  of  the  fins,  and  particularly  of  the  caudal  fin,  are  fur¬ 
nished  with  one  or  two  rows  of  little  spine-like  bones  (“ful¬ 
cra  )  placed  along  their  upper  edges. 

The  exoskeleton  may  be  wanting  (as  in  Po/yodon),  but  the 
body  is  generally  protected  by  scales  of  the  “ganoid”  char¬ 
acter  that  is  to  say,  scales  formed  of  bone  inferiorly  and  cov¬ 
ered  by  enamel  superficially.  These  scales  are  often  oblon^ 
or  lozenge-shaped,  and  do  not  overlap,  but  are  arranged  in 
o  ■)  ique  rows,  each  scale  articulating  with  the  ones  above  and 
below.  The  recent  Polypterus  and  Lepidosteus  (figs.  343,  344) 


Flg'^44;7Gan?id  ?!she,s-  ,A’  P°lypterus)  B,  Osteolefiis  (extinct), 
toral  fins,  showing  the  fin-rays  arranged  round  a  central  lobe ; 
nns  ;  c  Anal  fin  ;  d  Dorsal  fin  ;  d'  Second  dorsal  fin. 


ci  One  of  the  pec- 
One  of  the  ventral 


exhibit  this  type  of  scales,  and  it  is  seen  in  many  fossil  forms, 
in  Anna,  on  the  other  hand,  the  scales  are  round  and  over- 
aP  one  another.  Lastly,  in  forms  like  the  Sturgeons,  scales 
are  wanting,  and  the  body  is  furnished  with  detached  bony 
plates  or  scuta. 

W  ith  regard  to  the  structure  of  the  respiratory  organs ,  the 
Ganoids  agree  essentially  with  the  Bony  Fishes.  They  all 
possess  free  pectinated  gills,  attached  to  branchial  arches,  and 
one  osed  in  a  branchial  chamber,  which  is  protected  by  an 
operculum,  and  is  closed  by  a  branchiostegal  membrane, 
usually  supported  by  branchiostegal  rays. 

bi1?  ^er.e  are  F>ur  complete  or  biserial  gills  in  the  Sturgeons  and  Bony  Bike, 
tvvr  f n  ^  1  lre!r  complete  gills  and  one  uniserial  gill  in  Polypterus .  In  the 
ormer  of  these  there  is  also  an  additional  half-gill  (“opercular”  or 
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‘ ‘  hyoidean  ”  gill)  developed  on  the  inner  face  of  the  operculum.  The 
Sturgeon  ( Acipenser )  and  Polypterus  have  “spiracles,  or  apertuies  placed 
on  the  top  of  the  head  and  communicating  with  the  pharynx.  These 
spiracles  represent  an  anterior  gill-slit,  and  in  the  Sturgeons  we  find  within 
the  spiracle  the  remains  of  a  gill  in  the  form  of  a  “  pseudobranchia,  or 
false  gill,  which  only  receives  arterialised  blood,  and  has  no  function  in 
the  adult.  In  Polypterus  both  the  hyoidean  gill  and  spiracular  pseudo- 
branchia  are  wanting. 


The  swim-bladder  is  always  present,  and  always  communi¬ 
cates  with  the  oesophagus  or  stomach  by  a  “  pneumatic  duct,” 
as  in  the  Physostomous  Teleosteans.  Ihe  swim-bladder  of 
Amia  is  cellular  and  lung-like;  and  that  of  Polypterus  is  not 
only  double,  but  has  its  duct  opening  into  the  ventral  side  of 

the  gullet,  instead  of  dorsally,  as  in 
Fishes  generally. 

In  the  structure  of  the  heart  the 
Ganoids  resemble  the  Elasmobranchs, 
and  differ  from  the  Bony  Fishes.  The 
special  peculiarity  of  the  so  -  called 
“Ganoid  type”  of  heart  is  that  the  first 
portion  of  the  arterial  bulb,  or  base  of 
the  branchial  artery,  is  furnished  with 
a  special  stratum  of  striated  muscular 
fibres,  by  which  it  is  enabled  to  con¬ 
tract  rhythmically,  and  thus  to  act  as  a 
continuation  of  the  heart.  Not  only 
is  this  the  case,  but  it  is  furnished  in 
its  interior  with  several  transversely- 
arranged  rows  of  valves  (fig.  345 > 
in  place  of  the  single  pair  of  valves 
which  separates  the  ventricle  from  the 
arterial  bulb  in  the  Teleosteans.  This 
muscular,  contractile  bulb,  with  its 
numerous  internal  valves,  is  usually 
spoken  of  as  a  conus  arteriosus,  to  dis¬ 
tinguish  it  from  the  simple,  thin-walled 
“  bulbus  arteriosus”  of  the  Bony  Fishes. 

As  regards  their  alimentary  canal ,  the 
only  special  point  to  notice  is  the  pres¬ 
ence  in  the  intestine  of  the  so-called 
“  spiral  valve  ” — t.e.,  of  a  spiral  redupli¬ 
cation  of  the  mucous  membrane  which  winds  round .  the  in¬ 
terior  of  the  tube.  In  the  Bony  lhke,  however  the  spi ml 
valve  is  rudimentary.  It  may  further  be  noted  that  the  in 
testine  does  not  terminate  in  a  “  cloaca. 

The  reproductive  organs  of  the  Ganoids  are  peculiar  m  tne 


Fig-  345- — l>asc  °f  the  bran¬ 
chial  artery  of  the  Bony 
Pike  ( Lepidosteus )  laid 
open,  cci  Basal  portion  of 
the  arterial  buib  ( conus 
arteriosus ),  with  its  thick¬ 
ened  muscular  wall,  its 
transverse  rows  of  valves 
(,■-£•);  v  Valve  between  the 
ventricle  and  the  conus  ar¬ 
teriosus  ;  h  and  k  The  first 
two  branchial  arteries. 
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tact  that,  except  in  Lepidosteus ,  the  generative  ducts  are  not 
directly  continuous  with  the  generative  glands,  but  terminate 
in  funnel-shaped  internal  openings  into  which  the  ova  and 
speimatozoa  escape  by  dehiscence.  The  generative  ducts 
open,  along  with  the  urinary  ducts,  by  a  common  aperture 
placed  in  the  middle  line  behind  the  anus,  a  pair  of  “abdom¬ 
inal  pores  ”  intervening  between  the  two. 

As  legal ds  then  distribution  in  space,  there  are  at  the  present 
day  only  seven  known  existing  genera  of  Ganoids— viz.,  Lepi¬ 
dosteus,  Polypterus ,  Calamoichthys,  Amia,  Acipenser,  Scaphi-- 
ihynchus,  and  Polyodon  ( Spatulana ) — all  of  which  are  found 
only  in  the  northern  hemisphere,  and  are  wholly  or  partially 
confined  to  fresh  water. 

On  the  other  hand,  as  regards  their  distribution  in  time,  the 
Ganoids  exhibit  a  marvellous  development  in  the  earlier 
periods  of  the  earth  s  history,  beginning  to  decline  in  numbers 
■when  the  Secondary  period  is  reached,  and  becoming  gradu¬ 
al  ly  fewer  and  fewer  in  the  Tertiaries.  A  large  number  of 
families  of  Ganoids  are  wholly  extinct,  and  have  no  repre¬ 
sentatives  at  all  at  the  present  day.  One  of  the  most  remark¬ 
able  of  these  groups  of  extinct  Ganoids  is  that  of  the  Osfra- 
costei  or  “  Placoderms  a  group  which  is  further  of  interest 
as  comprising  the  earliest  known  remains  of  Fishes  which  have 
been  as  yet  brought  to  light.  In  this  ancient  family,  the  head 
and  anterior  part  of  the  body  were  incased  in  large  bony  plates, 
partially  enamelled,  and  superficially  sculptured  ;  and  the  noto¬ 
chord  was  persistent.  All  the  Placoderms  are  either  Silurian 
or  Devonian,  and  well-known  genera  are  Pteraspis,  Cephalaspis, 
Loccosteus,  and  Pterichthys.  The  remaining  families  of  fossil 
Ganoids  for  the  most  part  approach  more  nearly  to  living 
orms,  and  are  generally  of  the  “  Lepidoganoid  ”  type,  having 
the  body  clad  with  ganoid  scales  like  those  of  the  recent 
Lepidosteus  and  Polypterus.  The  Palaeozoic  Ganoids  have  all 
heterocercal  "  tails  ;  and  forms  with  “  diphycercal  ”  tails  do 
not  appear  till  the  Secondary  period  is  reached.  Fossil  Stur¬ 
geons  (. Acipenser )  occur  in  the  Eocene  Tertiary ;  and  the  allied 
group  of  the  Paddle-fishes  is  represented  by  the  genus  Chon- 
arosteus  in  rocks  as  early  as  the  Idas. 


J*v*ng  Ganoids,  the  Sturgeons  ( Acipenseridce )  are  characterised 
tail  1  ^;Possession  of  rows  of  large  bony  shields  on  the  body  (fig.  326),  the 
and  ve.ry  heterocercal,  the  mouth  toothless,  the  notochord  persistent, 
which  <intfai  -tC?uere^  vv'1*1  derrna'  bones.  The  Sturgeons  are  large  fishes 
deDosit  it  f- 1  le  rlver:s  or  seas  °f  the  north  temperate  zone.  As  they 
Water  fAh-^  S£?wn  111  r*vers>  they  may  be  considered  as  essentially  fresh- 

from  theirVir  vjl  m  a‘C‘  of.fon}mercial  importance,  as  isinglass  is  obtained 
air-bladder,  while  the  roe  is  largely  used  as  a  delicacy  under  the 
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name  of  caviare.  Allied  to  the  true  Sturgeons  is  the  genus  Scaphirhynchus, 
including  fresh-water  fishes,  of  which  the  Shovel-nosed  Sturgeon  of  the 
Mississippi  basin  is  the  best  known.  Other  species  occur  in  Central  Asia. 
Also  nearly  allied  to  the  Sturgeons  are  the  Paddle-fishes  ( Polyodon  01 
Spat, dark, •),  in  which  the  skin  is  naked  or  furnished  with  minute  bony 
plates,  and  the  snout  is  prolonged  into  a  long  paddle-shaped  flexible  Pl° 
cess.  The  Paddle-fishes  are  of  very  large  size,  one  species  inhabiting  the 
Mississippi,  while  another  is  found  in  the  great  rivers  of  China 

The  genus  Polypterus,  with  a  single  living  species  (the  P.  buhir  of  the 
rivers  of  tropical  Africa),  is  the  type  of  another  group  of  Ganoids.  1  he 
scales  in  Polypterus  are  rhomboidal,  and  arranged  in  transverse  rows  (fig. 
U4  A),  the  dorsal  fin  is  broken  up  into  a  number  of  finlets,  each  with  a 
spine  in  front,  and  the  tail  is  diphycercal.  The  pectoral  J 

axis,  and  are  thus  of  the  Crossopterygious  type.  1  he  genus  Calamoichthys 
of  Old  Calabar,  is  closely  related  to  Polypterus ,  but  ventral  fins 

^Another  family  of  recent  Ganoids  is  represented  by  the  so-called  “Mud¬ 
fish  ”  (Amia  calva)  of  the  fresh  waters  of  North  America  in  which  he 
scales  are  rounded  and  overlap  one  another,  d  he  swim-bladder  of 'Amia 

is  cellular,  and  can  apparently  be  used  as  an  organ  of: called 
Lastly  another  family  of  existing  Ganoids  is  represented  by  the  so-called 
“Bonyrikes”  or  “Gar-pikes”  (Lepidostada)  of  the  fresh  waters 
America  and  Cuba.  The  best -known  species  of  the  genus ^^Ses’ 
which  alone  forms  this  family,  is  th e  Lepidosteus  osseus  of  the  l united  Static 
Tlip  srnles  in  this  uenus  (fio-.  441)  are  rhomboidal  and  enamelled,  and  aie 
amnS “  obl^S”  JSe  »*«■  The  skeleton  is  completely  ossified, 
and  the  vertebrae  have  opisthoccelous  centra,  while  the  tail  is  heterocercal. 
The  air-bladderTs  cellular,  ami,  as  in  the  case  of  Amia,  seems  to  be  capa- 
ble  of  acting  as  a  lung. 


CHAPTER  LI. 

ELASMOBRANCHII  AND  DIPNOI. 

Order  V.  Elasmobranchii  ( =  Selachii,  Muller;  Placoidei, 
Agassiz  ;  Holocephali  and  Plagiostomi ,  Owen).— This  order  in¬ 
cludes  the  Sharks,  Rays,  and  Chimterre,  and  corresponds i  with 
the  greater  and  most  typical  portion  of  the  Chondropterygida  or 
Cartilaginous  fishes  of  Cuvier.  The  order  is  distinguished  by 
the  following  characters  :  The  skull  ami  lower  jaw  are  well 
developed ,  but  there  are  no  cranial  bones ,  and  the  skull  corn‘d 
of  a  single  cartilaginous  box ,  without  any  indication  of  sutures. 
The  vertebral  column  is  sometimes  composed  of  distmc*iert'.  0 
sometimes  cartilaginous  or  sub-notochordal.  T,u  ex0^t0  hv0 

the  form  of  placoid  granules ,  tubercles ,  or  spines.  There  a 
pairs  of  fins,  representing  the  limbs ,  a»d  supported  by  carttlag1" 
fin-rays  ;  and  the  ventral  fins  are  placed  far  back  near  the  anus. 
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The  pectoral  arch  has  no  clavicle.  The  heart  consists  of  a  single 
au>n!e  and  ventricle,  and  the  bulbus  arteriosus  is  rhythmically 
contractile,  is  provided  with  a  special  coat  of  striated  muscular 
fbns,  and  is  furnished  with  several  transverse  rows  of  valves 
The  gills  are  pouch-like.  The  intestine  has  a  spiral  valve. 

The  exoskeleton  of  the  Elasmobranchs  is  of  what  Agassiz 
termed  the  “placoid”  type,  consisting  not  of  proper  scales, 
but  of  calcified  dermal  papillae,  which  do  not  form  a  continu¬ 
ous  covering.  In  some  cases  the  skin  is  naked,  but  the  exo- 
skeletal  structures  usually  have  the  form  of  detached  grains, 
tubercles,  or  spines  of  bony  or  dentinal  matter,  commonly 
haying  the  microscopic  characters  of  teeth.  In  the  so-called 
siagreen  of  the  Dog-fishes  and  Sharks,  the  exoskeleton  is 
composed  of  very  small  and  close-set  tooth-like  processes  (fur. 
I1?’  d‘)  oJn  other  cases  again,  as  in  the  Thornback  Rays  and 
Spinous  Shark,  the  dermal  ossifications  have  the  form  of  a 
bony  disc,  from  the  upper  surface  of  which  springs  a  sharp 
recurved  spine  of  dentine  (fig.  317,  c). 

.  ^ie  endoskeleton  of  the  Elasmobranchs  is  essentially  cartila¬ 
ginous,  and  for  this  reason  the  name  of  Chondropterygii  is  often 
given  to  the  order.  The  condition  of  the  axial  skeleton  is 
very  varied,  the  notochord  being  in  some  cases  persistent  and 
unconstricted,  whereas  in  other  forms  complete  vertebral  seg¬ 
mentation  occurs.  In  this  latter  case,  as  in  Sharks  and  Rays 
t  ie  vertebral  centra  are  more  or  less  hardened  by  the  deposi¬ 
tion  of  lime-salts  in  the  primitive  cartilage.  The  extremity  of 
ie  vertebral  column  is  usually  bent  upwards,  so  that  the  tail 
15  markedly  heterocercal  (fig.  347,  A);  but  in  a  few  cases  the 
ail  is  diphycercal.  1  he  skull  is  always  a  cartilaginous  cap¬ 
sule,  without  divisions ;  and  the  cartilaginous  mandible  is  at¬ 
tached  to  the  side  of  the  skull  by  a  movable  suspensorium. 

ere  are  from  five  to  seven  cartilaginous  branchial  arches, 
but  these  are  attached  superiorly  to  the  front  part  of  the 
vertebral  column. 

I  he  pectoral  arch  is  not  connected  with  the  skull,  and  the 
pec  oral  fins  are  well  developed.  The  ventral  fins  are  placed 
ar  back,  and  the  pelvic  arch  carries  in  the  males  a  pair  of 
^?p,ia  external  copulatory  organs  known  as  the  “  claspers.” 

J  he  respiratory  organs  of  the  Elasmobranchs  differ  from 
tnose  ol  the  I  eleosteans  and  Ganoids  in  the  fact  that  the  bran- 
•  Ise  ar<~  contained  in  a  series  of  pouches  (almost  always  five 
num  ;er)  on  each  side  of  the  neck,  each  pouch  having  a 
eparate  internal  opening  into  the  pharynx,  and  a  separate 

tR,f  °Pening  °r  -gilksIit  <fiS-  347,  A).  The  branchiae  are 
not  contained  in  a  common  branchial  chamber  on  each 
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side,  nor  is  there  a  gill-cover  closing  a  single  gill-slit.  I  he 
mode  in  which  the  gill-pouches  are  formed  is  as  follows:  Each 
branchial  arch  gives  rise  to  a  strong  membranous  partition  or 
sentum  (fig.  346,  -0  which  extends  outwards  to  the  skin,  and 
1  0  which  thus  forms  the  boundary 

of  a  gill-pouch.  Each  branch¬ 
ial  arch  really  gives  origin  to 
a  double  series  of  branchial 
laminae  (as  in  Teleosteans),  but 
these  laminae  are  now  fixed 
along  their  inner  sides,  along 
the  whole  or  the  greater  part 
of  their  length,  to  the  opposite 
faces  of  these  septa  (fig.  346) 
by).  It  follows  from  this  that 
in  the  2d,  3d,  and  4th  gill- 
pouches  there  are  two  sets  of 
branchiae,  one  on  each  side  of 
the  pouch,  but  these  are  the  half¬ 
gills  derived  from  successive 
arches.  In  the  1st  gill-pouch 
there  are  also  branchial  lamellie 
on  both  sides,  but  the  anterior 
of  these  are  derived  from  a  half¬ 
gill  belonging  to  the  hyoid 
arch.  On  the  other  hand,  in 
the  5th  gill-pouch  there  is  only 
the  half-gill  derived  from  the 
fourth  branchial  arch,  and  there 
are  no  branchial  laminae  on  the 
hinder  wall  of  this  pouch.  In 
the  singular  Cfmnccrce  ( Holo - 
cephali ),  the  arrangement  above 
described  is  so  far  departed  from,  that  the  branchial  pouches  on 
each  side  open  by  a  common  external  aperture,  which  is  dosed 
anteriorly  by  an  integumentary  fold  representing  a  gi  -co\  er. 

'1'hc  so-called  “  spiracles ”  of  the  Elasmobranchs  are  the 
external  apertures  of  the  first  visceral  clefts,  and  they  are 
placed  upon  the  top  of  the  head,  behind  the  eyes  in  all  hose 
forms  in  which  they  are  persistent.  1  hey  lead  into  tubes 
which  open  into  the  pharynx,  and  they  contain  in  the  embry¬ 
onic  state  a  functional  gill,  which  persists  in  the  adult  as  a 

functionless  “pseudobranchia.”  ,  n,nP 

The  heart  of  the  Elasmobranchs  is  ot  the  Ganoid  }P  - 


Fig-  346. — Diagrammatic  representation  of 
the  gill-pouches  and  arrangement  of  the 
gills  in  an  Elasinobranch.  bn  i  —  6a  5 
Branchial  arches  transversely  divided  ;  be 
One  of  the  branchial  pouches;  gs  One  of 
the  external  gill-slits;  s  One  of  the  septa 
which  separate  the  different  gill-pouches  ; 
br  Branchiae.  1  he  arrows  show  the  di¬ 
rection  of  the  water-currents. 


the 


dilated  base  of  the  branchial  artery 


forming 


a  “  conus 
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arteriosus,  which  is  furnished  with  a  special  coat  of  muscular 
fibres,  and  is  provided  internally  with  from  two  to  five  trans¬ 
verse  rows  of  valves.  It  contracts  rhythmically,  and  acts  as  a 
continuation  of  the  ventricle. 


.  '^s  1  eSai ds  the  alimentary  canal ,  the  duodenum  is  exceed- 
mgl)  short,  and  is  directly  succeeded  by  a  short  large  intestine 
the  interior  of  which  is  furnished  with  a  well-developed  “spiral 
valve  ”  (fig.  331,  B).  The  intestine  opens  into  a  dilated  chain- 
bei  01 .  cloaca,  into  which  the  ducts  of  the  generative  glands 
and  urinary  organs  also  open. 

No  swimming-bladder  is  ever  developed  in  any  Elasmobranch 
though  its  rudiment  may  sometimes  be  detected. 

The  brain  is  exceptionally  well  developed,  the  olfactory 
lobes  giving  off  long  anterior  prolongations,  the  cerebral 
hemispheres  being  unusually  large,  the  optic  lobes  propor¬ 
tionately  small,  and  the  cerebellum  sufficiently  developed  to 
partially  roof  over  the  fourth  ventricle. 

.  The  kidneys  are  comparatively  compact,  and  the  termina¬ 
tions  of  the  ureters  unite  to  open,  along  with  the  vasa  defer- 
entia  in  the  males,  into  the  “  cloaca.” 


The  reproductive  organs  of  the  males  consist  of  two  testes 
with  efferent  ducts  which  open  along  with  the  ureters  into  the 
cloaca.  External  accessory  organs,  previously  mentioned  as 
claspers,  are  also  present.  In  the  females  there  is  often 
only  a  single  ovary,  but  in  other  cases  there  are  two,  and  in 
all  cases  the  oviducts  are  paired.  The  oviducts  have  a  com¬ 
mon  internal  aperture,  and  their  upper  portion  is  glandular 
laving  in  many  cases  the  function  of  secreting  a  leathery  or 
horny  “  purse,”  in  which  the  ovum  is  contained.  The  lower 
part  of  the  oviduct  forms  a  dilated  pouch,  or  “  uterus,”  within 
which  the  embryo  is  in  some  cases  retained  until  development 
has  proceeded  to  a  considerable  length.  In  such  cases— in 


viviparous  ” — the  uterine 


you  ng 


which  the  parent  is  said  to  be  „VIF,UUS  __ 
dilatation  may  merely  act  as  a  brood-pouch  for  the 
?ni!na  ’  or  embryo  may  actually  form  a  connection  with 
its  lining  membrane  by  a  kind  of  “  placenta.”  The  oviducts 
open  into  the  cloaca  by  a  separate  aperture  placed  behind  the 
opening  of  the  urinary  ducts. 

‘^S,  rct>ards  their  distribution  in  space,  the  vast  majority  of 
,  e  Elasmobranchs  are  marine  in  habit.  There  are  forms, 
louevei^  both  ol  Sharks  and  Rays,  which  are  known  as 
mnabiting  inland  waters. 

^\ith  legard  to  their  distribution  in  time,  the  Elasmobranchs 
;,rc  ‘llnong  the  most  ancient  of  fishes,  being  represented  by 
e  fin-spines  or  shagreen  of  Shark-like  fishes  {Onchus  and 
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Sphagodus)  in  rocks  as  old  as  the  Silurian.  The  Palaeozoic 
Elasmobranchs  belong  principally  to  the  group  of  the  Ces- 
tracionts,”  but  remains  of  Rays  occur  in  Carboniferous  strata. 
The  true  Sharks  do  not  make  their  appearance  till  the  Mesozoic 
period  is  reached.  Lastly,  the  Chimaeroids  ( Holocephah )  have 
been  alleged  to  occur  in  the  Devonian,  and  have  a  number 
of  undoubted  representatives  (. Ischiodus ,  Ganodus,  Elasmodns , 
Edaphodus,  &c.)  in  the  Mesozoic  rocks.  . 

The  order  Elasmobranchii  is  divided  into  two  sub-orders : 
the  Holocephali,  characterised  by  the  mouth  being  terminal  in 
position,  and  there  being  only  a  single  external  gill-slit ;  and 
the  Plagiostomi,  in  which  the  mouth  is  transverse,  and  placed 


Fie  ^  _A.  Acanthi*,  vulgaris,  one  of  the  Dog-fishes  V>,  Chimcera  monstrosa. 

1  ig.  347-  c  Xai,.fpine  of  an  Eagle-ray  (.1 1 y  Mat  is). 

on  the  under  surface  of  the  head  (fig.  347>  A)>  and  there  *[e 
from  five  to  seven  branchial  apertures  on  each  side  of  the  neck. 

Sub-order  A.  HoLOCETOALi.-This  sub-order  includes 
certain  curious  fishes,  of  which  the  only  living  forms  aie  the 
Chlmcrid, f.  The  notochord  is  persistent ;  but  the :  neurd 

nrrhes  are  cartilaginous,  as  is  the  skull  also.  1  he.  ) 

l  mH tine  cartilages  are  confluent  with  the  skull,  and  the 
formed  carries  two  , stirs  of  broad  crushing  denta 
plates,  against  which  two  mandibular  teeth  bite.  1  he  shin 
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naked ;  the  first  ray  in  the  first  dorsal  fin  is  in  the  form  of  a 
great  spine  or  “  ichthyodorulite  ” ;  and  the  tail  is  long  and 
slender,  and  is  diphycercal  in  shape.  There  are  four  branchial 
pouches  but  these  are  incomplete,  and  open  on  the  side  of 
he  neck  by  a  single  external  gill-slit  (fig.  347,  B),  which  is 
protected  by  a  rudimentary  cartilaginous  gill-cover.  Spiracles 
are  wanting  The  only  two  living  genera  of  Holocephali  are 
C±Z:a  ^  CaJorhy^-  Of  the  former,  the  best-known 

c  lied  the  “V-  ClWf™  nwnstrosa  (fig.  347,  B),  sometimes 
c.  lied  the  king  oi  the  Herrings.”  It  is  found  in  the  seas 

Europe,  Japan,  and  the  Cape  of  Good  Hope.  Callo- 

5  18  dlSt:?gU1S,-d  by  the  possession  of  a  cartilaginous 
piotmnence  on  the  end  of  the  snout. 

Sh?rUU°rmERn  ?'  PLAGi°^OMi._This  sub-order  comprises  the 
-  arks,  Dog-fishes,  and  Rays,  and  is  characterised  by  the  fact 
tha  the  mouth  is  transverse,  and  is  placed  on  the  under  side 
of  the  snout  (fig  347,  A).  The  notochord  is  more  or  less 
se  mented,  and  there  are  generally  distinct  vertebral  centra. 

e  lower  jaw  possesses  a  distinct  suspensorium,  and  both 
jaws  are  armed  with  numerous  teeth.  The  gill-pouches  are 
complete  y  separate,  and  open  by  separate  gill-slits.  There 
are  usuafiy  five  pouches  and  gill-slits,  but  in  a  few  Sharks  there 

theysnout1Xm°d  tT™'  ^  apertures  are  placed  below 
the  snout  and  there  are  two  spiracles  behind  the  eyes. 

sectiomr0[!SSOrn°'Ven  the  PlaSiostomes  are  divided  into  three 
Sharks ^spectivdy  the  Cestraphori  (Port  Jackson 

(Rays)  ’  (  kS  and  D°g-fishesX  and  the' Betides 

1“  35*  Te  fr of 

representatives  of  i  1  juiuse  tng.  ^45).  1  he  only  living 

.,.«ciesn“Sw„  '  nTSh?f ' TS'  « '"l" 

the  Port  Tacksnn  gn.,,.1  TAP  1 1,  ,  1  he  best- known  species  is 

teeth  of  airthe  C«tLi  ^  PA^  °f  A^tralian  seas.  The 
Molluscs,  and  all  the  Vfvina  r"~  a<  aPted  bor  crushing  Crustaceans  and 
ment-like  back  teeil  nn,  are  comparatively  small.  The  pave- 

dant  as  fossils  the  earli  i  . L  .  o-spmes  of  Sharks  of  this  group  are  abun- 
B  SELfcm,  tv  f0und  111  lhe  •"'durian  rocks, 

and  is  character'll  nf  fe°U?  c°mPnsf  ‘he  true  Sharks  and  Dog-fishes, 

tened  and  the  branchial  K  ^Ct  l^at  1  ’t  l)ody  ’s  c>dmdrical,  and  not  fiat- 
347,  A)  The  kin  apertures  are  placed  on  the  side  of  the  neck  (fig. 

“shagreen  ”  The  teeik  WU»  mi,nute  derm£d  denticles,  constituting 
killing  Sd  devouring  I  e  USUal  y  s,larp-edged,  and  adap?  the  fish  for 
and  Ld  UncTDa  "g1,,  geranim,a  u  Some>  h™ever,  have  small  teeth, 

I  several  rows  -nU  T  “P  Invertebrates.  The  teeth  are  arranged  in 

that  their  margins  canTf  naSiaU6  Cartllafn°us  Jaws  are  so  far  flexible 
'  r“w  of  teeth  into  u‘se  at  a  time  •  brndr  ’  ^  bnn8ing  m0re  lhan  one 
:  ^Ployed  to  replace  the  outer  ones  as  worn”  ^  “*  pnndpally 

2  O 
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sziir mu.  of  .bu* 

“  "T"^»*S^Ui»S  “Porbeagles  -be  Buki.g 


rig.  348. — Upper  jaw  of  Port  Jackson  Shark  (C«/^»).  *°v vh*  the  pavement  of 
crushing  teeth.  One-half  the  natural  size.  (Aftei  Owen.; 

arks  (Selae/ie),  and  the  great  Carcharodon  of  the  tropics  whicl^gro^ 
forty  feet  in  length.  Fossil  teeth  of  Carcharodon  Pr^e 
e  Tertiary  times  of  still  more  gigantic  members  of  tins  genus. 

3.)  Rhinodontidic,  represented  only  by  the  huge 

;  Indian  Ocean,  which  grows  to  over  fifty  feet  in  length,  but  has  ve  > 

all  teeth  and  is  quite  harmless.  ,  .  ,,  u  --as  r,v  the 

(4.)  Scyllida,  or  ordinary  Dog-fishes,  represented  .  ‘ 

mmon  Spotted  Dog-fishes  (Scy  ilium  cannula,  and .  .  ' ’  ■  ^  common| 

(5.)  Spin  acidic,  or  Spiny  Dog-fishes,  ieP1,es(-'|1®  .]  d  the 

Picked  Dog  ”  (Acan/hias  vulgaris,  fig.  347,  A)  of  British  seas,  an 
reenland  Shark  [Licmargus  borealis)  of  northern  se^.  ^ 

(6  )  Rhinidee ,  comprising  only  the  somewhat  Kay-1 

Kay,  am.  Ska,.,.  dWjgjg 

,  the  tael  that  the  body  is  , labelled  out  sc '  “/^“^^“delelopcd  peel 
sc  the  greater  part  of  which  is  made  up  ot  the  iar„e  y  ‘ 

ra'l  fins^fig-  349)-  ,  The  branchial  openings  are  ptac« 1  on  th  J 

,-face  of  the  body,  behind  the  mouth.  There  is  no  anai 
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Tl^f  ffac.,u‘-  T,1le  ta,il. is  long  and  slender,  and  often  armed  with  spines 
The  following  are  the  chief  families  of  Bat  ides 1 


(i .)  Pristidce,  including  only  the 


Saw-fishes  ”  (Prist is),  in  which  the 


a  long,  flexible,  sword-like  organ,  the 


snout  is  elongated  so  as  to  form 
sides  of  which  are  furnished  with 
strong  tooth-like  spines,  and  which 
is  used  as  an  offensive  and  defen¬ 
sive  weapon. 

(2.)  Rhinobatidcc,  comprising  the 
beaked  Rays.  The  typical 
genus  Rhinobatis  is  wholly  tropi¬ 
cal  and  subtropical  in  its  range. 

(3-)  Porpedida,  comprising  the 
Electric  Rays.  ’  Three  species 
occur  in  the  Mediterranean,  and 
one  of  them  is  occasionally  found 
in  British  seas. 

(4.)  Raiidee,  including  the  or¬ 
dinary  Skates  and  Rays.  Com¬ 
mon  British  species  are  the  Skate 
{Rata  batis)  and  the  Thornback 
[R.  clavota).  In  many  of  the 
Rands:,  the  males  have  most  of 
the  teeth  pointed,  while  those  of 
the  females  are  blunt  and  flat. 

(5;)  Trygonidce,  comprising  the 
Sting-Rays  ( Trygoti),  in  which 
the  tail  carries  upon  its  upper  sur¬ 
face,  in  place  of  a  dorsal  fin,  a 
strong  serrated  spine,  which  can 
be  used  as  an  organ  of  defence. 

_6.)  Myliobatids,  comprising  the 

animals PaTheeR;ysnCofatrhisUSfe<1  1*  shel'-fish  and  other  marine 

OrdEr  VI.  Dipnoi.— This  remarkable  order  comprises 

5  and  if  °Kly  iZfdosire”’  Protopterus,  and  Cerato- 

fishlike  ;  /  f,ned>  t  le  following  characters  :  The  body  is 

the  L U  d  S'  T,  /S  Tri  With  h0rny  tapping  scales  of 
bra? I  d  }fL :  The  1lotochord  is  persistent,  and  devoid  of  verte- 

tthZTtUOni  a"f  f/lC  SkHU  iS  inVeStJ  ntcnihraiie  hones. 

■  Placed fJ b  ?  V6ntral  fi»s  are  ttnd  the  latter  are 

j  In  extinct  fa-,'  t  *  d‘Phy.cenal  or  heterocercal ,  the  latter 

■  free  branch;  Fke  resPlratfry  organs  have  the  form  of 

\  common  /  “  ,“U  *'icd  uPon  branchial  arches ,  and  enclosed  in  a 

<  vertical  chambfr  on  each  side,  which  opens  by  a  single 

•  saccu/ntfJ  S  *  Protected  by  an  operculum.  The  swim-bladder  is 
It  can  b  ’  S0,'lctlmes  double,  and  it  opens  into  the  gullet  by  a  duct 
can  be  used  as  a  lung.  The  heart  is  of  the  «  Ganoid”  type, 


FlSe34sic7tesatidrRS;  I  A>T  maT‘nata,  one  of 
Gosse.)  (Reduced  one-sixth.)  (After 


5  So 


MANUAL  OF  ZOOLOGY. 


the  base  of  the  branchial  artery  having  a  ^ 

and  bein'  furnished  with  numerous  valves  internally.  Ite 
intestine  lias  a  spiral  valve,  and  terminates  in  a  cloaca. 
The  nasal  sacs  open  posteriorly  into  the  mouth. 

The  Dipnoi  are  of  special  interest  as  being  in  many  respects 
intermediate  in  their  characters  between  the  b  ishes  and  the 
Amphibians  At  the  same  time,  there  can  be  no  question  as 
rC  being  properly  referable  to  the  class  Pisces,  and  as 
being  closely  Salhed  to  the  Ganoids,  with  which  order  they  are 
indeed,  united  by  Dr  Gunther.  They  are  also  of  interest's 


throwing  light  upon 


the  structure  and  affinities  of  many  extinct 


,yThe°bodvin  she  Dipnoi  is  quite  fish-like,  and  is  covered 

with  cycloid  scales,  which  are  of  remarkably  large  s,ee  in  O™- 

todus.  The  hinder  end  of  the  body  is  fringed  by  a  long  caudal 


fin, which  is  diphyccrcal  in  all  1 the! l™S^sblU'h:^iCl 


dipnoi. 
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merits,  and  in  the  allied  Protopterus  they  have  much  the  same 
s  lape,  but  are  bordered  by  a  narrow  fringe  supported  by  rays. 
,  n  .  e  odlcr  'iand> in  Ceratodus ,  and  in  various  extinct  genera 
the  fins  agree  with  those  of  the  Crossopterygian  Ganoids,  hav- 
mg  an  axial  scaly  lobe  fringed  by  the  fin-rays  on  both  sides.  In 
Ceratodus  the  pectoral  fin  (fig.  351)  is  supported  by  a  carpal 
caitilage  giving  origin  to  a  median 


cartilaginous  axis,  formed  by  a  succes¬ 
sion  ot  joints,  which,  in  turn,  support 
on  each  side  a  lateral  series  of  joint¬ 
ed  branches,  these,  finally,  bearing  the 
fin-rays. 

I  he  branchiae  of  the  Dipnoi  are  ar¬ 
ranged  essentially  upon  the  type  of 
those  of  the  Teleosteans  and  Ganoids. 

The  branchial  filaments  are  carried 
upon  branchial  arches,  which  are  five 
or  six  in  number,  but  all  of  which  do 
not  carry  gills.  There  is  a  common 
gill-chamber  on  each  side,  which  is 
closed  by  a  gill -cover,  protecting  a 
single  vertical  gill  -  slit.  Protopterus 
shows  the  remarkable  Amphibian  char- 
acter  that  there  are  placed  above  the 
gul-slit  three  external  branchial  tufts, 
which  persist  throughout  life,  or  at  any 
rate  to  a  late  period. 

The  air-bladder  of  the  Dipnoi  is  sac¬ 
culated,  and  opens  into  the  gullet  by 
a  pneumatic  duct.  In  Ceratodus  it  is 
single,  but  its  internal  compartments 
have  a  laterally  symmetrical  arrange¬ 
ment.  In  this  genus  the  air-bladder 
nas  no  true  pulmonary  artery,  but  it 
receives  blood  from  a  branch  of  the 
su  vertebral  aorta  (the  coeliac  artery), 
a*?.  *ts  veins  form  a  pulmonary  vein 
which  opens  into  the  auricle  of  the 
leart.  In  Lepidosiren  and  Protopterus 
,  ^  air-bladder  is  divided  into  two 
a  ves,  and  is  cellular  internally.  In 
these  genera,  the  air-bladder  is  sup- 

from  a'  hGir W1  i^US  b)1°°,d  by  a  true  Pulmonary  artery  derived 

returned  to  tl1P  J,ranc h.Ial  arl:ery  1  and  the  arterialised  blood  is 
ned  to  the  heart  by  pulmonary  veins,  which  open  into  the 


1/1  UI1  1 

c  Carpal  cartilage. 
Gunther.) 


(After 


MANUAL  OF  ZOOLOGY. 


582 

ventricle  directly  (Protop terns),  or  through  the  intervention  of 
a  left  auricle  ( Lepidosiren ). 

The  heart  of  the  Dipnoi  is  of  the  “  Ganoid  type,  the  base 
of  the  branchial  artery  forming  a  rhythmically  contractile 
“  conus  arteriosus,”  in  the  interior  of  which  are  numerous 
valves  In  Ceratodus  these  valves  have  a  transverse  direction, 
but  in  Lepidosiren  and  Protopterus  they  are  longitudinally  dis¬ 
posed  The  heart  shows  an  imperfect  division  into  a  right 
and  left  half,  which  in  Ceratodus  is  “limited  to  the  ventricle 
(Gunther).  In  Lepidosiren  and  Protopterus ,  on  the  other  hand 
there  is  an  incomplete  division  of  the  auricle  into  a  right  and 

1C  The  intestine  in  the  Dipnoi  possesses  a  spiral  valve,  as  in 
Ganoids  and  Elasmobranchs ;  and  the  rectum  opens  into  a 
“cloaca,”  into  which  the  generative  and  urinary  ducts  also 
discharge  themselves  by  a  common  urogenital  aperture 

Lastly,  the  nasal  sacs  in  the  Dipnoi  are  peculiar  in  the  fact 
that  they  open  posteriorly  into  the  mouth,  as  in  no  other  fishes 
except  the  Myxinoids.  The  anterior  nostrils  are  placed  either 
entirely  within  the  upper  lip,  and  thus  inside  the  mouth,  or 

close  to  the  margin  of  the  upper  lip. 

As  regards  their  distribution  in  space,  the  three  living  genera 
are  exclusively  confined  to  the  inland  waters  of  hot  regions. 
Lepidosiren  (with  one  species)  is  South  American  ;  Protopterus 
(wfth  one  species)  is  African ;  and  Ceratodus  (with  two  species) 

With  regard  to  their  distribution  in  time,  the  living  genus 
Ceratodus  is  represented  in  rocks  as  ancient  as  the  1  nas  )>  un 
dulated  dental  plates  (fig.  352)  closely  similar  to  the  molars 


l''ig.  352 


a  Dental  plate  of  Ceratodus  scrra/ns,  Keupcr.  B,  Dental  plate  of 
*  Ceratodus  alt  us,  Keuper.  (After  Agassiz.) 


nf  the  Australian  Mud-fish.  The  order  is,  however,  repre¬ 
sented  in  the  Palseozoic  period  by  forms  of  much  greater  a 
in  ity  The  most  important  of  these  are  the  Devonian  and 
Carboniferous  group  of  the  Vernier, »  compnsmg  the 
genera  Dipterus  and  Ctenodus.  1  hese  ancient  types 


DIPNOI.  58 

Dipnoi  differ  from  all  existing  forms  in  their  strongly  hetero- 
cercal  tails,  as  well  as  in  other  characters. 


The  three  living  genera  of  Dipnoi  form  a  special  division  of  the  order 
(tsirenoidei),  characterised  by  their  horny  cycloidal  scales  and  diphycercal 
ai  s.  the  genus  Lepidosiren  is  represented  by  a  single  species  (L.  para- 
doxa,  fig.  350),  which  inhabits  fresh  waters  in  the  basin  of  the  river  Ama¬ 
zon.  It  grows  to  a  length  of  three  or  four  feet,  with  an  eel-shaped  body, 
filamentous  limbs  and  rudimentary  eyes.  The  upper  and  lower  jaws  sup¬ 
port  each  a  pair  of  cuspidate  dental  plates,  and  two  conical  vomerine  teeth, 
obtained  °f  ^  lalGSt  of  animals>  only  four  specimens  having  been  hitherto 

The  genus  Protopterus  is  represented  also  by  one  species  only  (P.  annec- 
tens),  which  is  nearly  related  in  many  respects  to  Lepidosiren,  but  differs 
in  having  a  fringe  to  the  pectoral  and  ventral  limbs,  in  the  possession  of 
external  gi ;  1-tufts,  and  in  other  less  important  points.  Protopterus  annec- 
tens  inhabits  tropical  Africa,  in  the  rivers  of  which  it  seems  to  be  tolerably 
plentiful  in  some  regions.  When  the  pools  which  it  inhabits  dry  up,  it 
uries  itself  in  the  mud,  forming  a  kind  of  chamber,  in  which  it  remains 
doimant  till  the  return  of  the  rainy  season.  In  this  condition  the  fish  can 
be  exported  alive  to  Europe.  It  is  carnivorous  in  its  habits,  and  grows 
to  a  length  of  six  feet.  b 

Lastly,  the  genus  Ceratodus  is  confined  to  the  rivers  and  marshes  of 
Queensland  (Australia),  in  which  are  found  the  only  two  known  species— 
viz.,  C.  Forsten  (fig.  353),  and  C.  mioLpis.  The  former  and  best-known 


Fig.  353-  Ceratodus  Forsteri,  the  Australian  Mud-fish,  reduced  in  size. 


species  is  known  to  the  natives  as  the  “  Barramunda  ”  or  “  Teevine  ”  and 
glows  to  a  length  of  six  feet,  and  has  its  body  covered  with  very  lame 
peloid  scales.  Its  paired  fins  differ  widely  from  those  of  LepidosiJen  and 
Pi olopterus,  having  the  form  of  pointed  scaly  lobes,  round  which  the  fin 
rajs  are  symmetrically  disposed.  The  upper  and  lower  kws  ca  ’  each  a 
a  of  singular  dental  plates  or  “  molars,”  having  tL  foTL  of  flattened 
tal ^  ‘>  ateS  °f,  bone).wlth  lateral  prong-like  extensions.  These  den- 

munPda  feeds  iMP-°yeC  “  tVtU.rat1mg  the  leaves  UP°»  which  the  Barra- 
usual  I  v  1  ’  f  a?  excIusi,v.ely  vegetable-feeding  animal.  It  seems 

neighbolm-n^tre011.  t.he,leaves  wh*ch  have  fallen  into  the  water  from  the 
to  betake  it  a  infit  j  if  stated  t0  c.ome  °ut  of  the  water  at  night,  and 
food  a  W l  eM  e  it,  ,‘nUf -flats  1,1  the  vicinity  for  the  purpose  of  obtaining 
that  the  swim  W  C  C  C“e  °r  not’  the‘‘e  «  no  reason  to  doubt  but 
animal  Ins  th„  ’■  .7  i  Cr  Can  afci  as  or£‘?n  °f  respiration,  and  that  the 
habits  bprr  .  •  16  Power  breathing  air,  when  the  water  which  it  in- 
dered  necessary  *mpUre’  °r  when  aerlal  respiration  may  be  otherwise  ren- 
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IJ  I  VISION  I.  —ICH  TH  YOPSI DA . 


CHAPTER  LII. 

CLASS  II.— AMPHIBIA. 

The  class  Amphibia  comprises  the  Frogs  and  loads,  the  Sala- 
mandroids,  the  Cczcilia,  and  the  extinct  Labynnthodonts  and 
may  be  briefly  defined  as  follows  :  As  is  the  case  with  the 
Fishes,  the  embryo  is  not  furnished  with  an  amnion,  and  t  ie 
urinary  bladder  is  the  only  representative  of  the  allantois.  As 
in  Fishes,  also,  branchiae  or  filaments  adapted  for  breathing  air 
dissolved  in  water  are  always  developed  upon  the  visceral  arches 
for  a  longer  or  shorter  time.  On  the  other  hand,  the  Ampin  n- 
ans  differ  from  the  Fishes  in  the  fact  that  true  lungs  are  always 
Present  in  the  adult;  the  limbs  are  never  converted  into  fins;  and 
when  median  fins  are  present,  as  is  sometimes  the  case,  these  are 
never  furnished  with  fin-rays.  The  limbs,  when  present,  exhibi 
in  their  skeleton  the  same  parts  as  do  the  limbs  of  the  higher 
Vertebrates.  The  skull  always  articulates  with  the  vertebral 
column  by  means  of  two  occipital  condyles.  The  heart  consists  of 
two  auricles  and  a  single  ventricle.  The  nasal  sacs  communicate 
posteriorly  with  the  pharynx  ;  and  the  rectum,  ureters  and  ducts 
of  [the  reproductive  organs  open  into  a  common  chamber  o 

Vhe  internment  of  the  Amphibians  is  mostly  soft,  moist, 
and  glandular,  largely  concerned  in  respiration,  and  genera  y 
destitute  of  exoskeletal  structures.  Scales  are,  however,  de¬ 
veloped  in  the  skin  of  the  Chilians,  while  the  extinct  Faby- 
rinthodonts  possessed  a  ventral  armour  of  bony  scutes.  1  here 
ure  also  dermal  ossifications  in  the  dorsal  integument  of  some 
of  the  TaiUess  Amphibians  in  Ceratofihrys).  Usual  y  mo¬ 
bile  pigment-cells  are  largely  developed  in  the  skin,  givin  to 
ihe  animal  varied  colours  in  different  cases,  and  conferring 
upon  it  the  power  of  changing  its  tint  to  suit  its  surrounding . 
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1  lie  condition  of  the  endoskeleton  varies  considerably,  but 
in  general  the  skeleton  of  the  adult  is  well  ossified.  The 
notochord  may  be  partially  persistent  (as  in  the  Ctecilians), 


Flg‘ 3?4  ~A>  Skeleton  of  the  Frog  (Rana  temfioraria)  :  tr  Transverse  nrocesses  of  ver 

represent  cartilaces  h  ‘T’f.  s,tenulm  of  kr0S  (after  Gegenbaur).  'l  ire  dotted  parts 
xfphistem^m  -  "p  ste™UIn  ■  0  Omosternum  ;  /  Body  of  the  sternum;  ,t- 

its  felTowon'uie^opposite  sitle^trj! '  "  SCaPU'a  !  -  Coracoid,  fused  with 


but  vertebral  segmentation  is  always  present.  In  the  Ctecilians 
ie  erenmbranchiate  Urodelans,  and  many  of  the  extinct 
Habynnthodonts,  the  vertebral  centra  are  amphiccelous,  as  in 
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Fishes  generally.  In  the  C-aducibranchiate  Frodelans  (Sala¬ 
manders)  the  vertebral  bodies  are  opisthocoelous,  and  in  the 
Tailless  Amphibians  the  centra  are  proccelous.  All  the  Tailed 
forms  have  a  long  vertebral  column,  but  the  Anourct  (I  rogs 
and  Toads)  never  possess  more  than  nine  pracoccygeal  verte¬ 
bra  (fig.  354).  The  sacrum  never  consists  of  more  than  one 
vertebra.  The  transverse  processes  of  the  vertebra  are  very 
long,  and  in  most  cases  ribs  are  wanting,  or  are  represented 
by  cartilaginous  rudiments  only.  Even  in  those  which  ha\  e 
ribs  (e.g.,  Csecilians),  the  ribs  are  not  connected  anteriorly  with 
a  sternum.  A  sternum  is,  however,  present  in  most  Amphibi¬ 
ans,  and  consists  in  the  Frog  of  a  cartilaginous  “  episternum  „ 
(fig.  354,  B,  e),  succeeded  posteriorly  by  a  long  “  omosternum 
(0),  which  is  followed  by  the  body  of  the  sternum,  carrying 
posteriorly  a  broad  gristly  “  xiphisternum  (x). 

The  skull  in  the  Amphibians  is  largely  cartilaginous,  but  the 
primitive  cartilage  undergoes  partial  ossification,  and  is  also 
extensively  invested  by  membrane  bones.  I  he  body  of  the 
occipital  bone  (“  basioccipital  ”)  is  never  ossified,  but  the  two 
exoccipitals  are  converted  into  bone,  and  carry  the  two  occi¬ 
pital  condyles  which  are  characteristic  of  all  the  Amphibians. 
The  suspensorium  of  the  low'er  jaw  (“quadrate  caituage  ) 
remains  unossified,  and  is  connected  in  front  with  the  ‘  quad- 
rato-jugal  ”  bone.  The  second  visceral  arch  persists  as  the 
hyoid,  and  the  third  and  fourth  arches  may  have  rudimentary 

representatives  in  the  adult.  _ 

The  pectoral  arch  consists  of  a  cartilaginous  supra-scapu  a 
(fia.  3S4,  B,  a  bony  scapula,  a  coracoid  bone,  and  a  clavicle 
on  each  side.  The  pectoral  limb  is  present  in  all  except  the 
Ctecilians,  and  consists  of  its  usual  bones.  The  manus  has 
five  digits  in  the  Tailless  Amphibians,  but  never  more  than 
four  in  the  Tailed  forms.  The  pelvic  arch  is  present  in  all 
Amphibians  except  the  Ctecilians  and  Siren,  and  the  ilia  (hg. 
,r4  A,  /•)  are  very  long  and  narrow,  articulating  by  then- 
anterior  ends  with  the  transverse  processes  of  the  single  sacral 
vertebra.  The  pelvic  limb  possesses  the  normal  parts. 

As  regards  the  digestive  system,  the  mouth  may  be  edentu¬ 
lous  but  is  usually  furnished  with  teeth  developed  upon  t  it 
vomers,  maxilla;,  and  palatine  bones,  and  generally  on  the 
mandible  also.  A  tongue  may  be  absent  or  present,  and  pi  0- 
trusible  or  the  reverse.  In  the  Anoura  (hrogs  and  roads) 
is  attached  in  front  to  the  symphysis  of  the  lower  jaw  and  1 
divided  behind  into  two  pointed  lobes,  which  are  directe 
wards  the  throat.  The  alimentary  canal  usually  shows ;  a  sm 
pie  tubular  stomach,  a  coiled  small  intestine  and  a  shoit  larae 
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intestine,  a  liver  and  pancreas  being  always  present.  The 
rectum  opens  into  a  cloacal  dilatation,  which  receives  also 
the  ducts  of  the  urinary  and  generative  organs. 

As  regards  the  circulatory  organs ,  the  heart  and  course  of 
the  circulation  are  in  young  Amphibians  essentially  similar  to 
what  they  are  in  Fishes.  At  this  stage  the  heart  is  purely 
respiratory,  and  is  concerned  wholly  with  driving  the  venous 
blood  to  the  gills.  The  heart  of  the  larval  Amphibian  (such 
as  the  hrog)  consists  of  a  single  auricle  and  ventricle,  and  the 
base  of  the  aorta  is  dilated  to  form  a  “  bulbus  arteriosus,” 
from  which  proceed  on  each  side  three  branchial  arteries  which 
carry  the  venous  blood  to  the  gills.  The  oxygenated  blood  is 
leturned  from  the  gills  by  three  branchial  veins  on  each  side 
the  hrst  pair  of  these  going  directly  to  the  head,  while  the 
last  two  pairs  unite  to  form  the  descending  aorta.  The  pul¬ 
monary  artery  is  at  this  stage  very  minute,  and  springs  from 
the  third  or  hmdermost  pair  of  branchial  arteries. 

In  the  adult  Amphibians  the  heart  is  three-chambered,  and 
consists  ol  two  auricles  and  a  common  ventricle  ;  but  addi¬ 
tional  cavities  are  formed,  as  in  Fishes,  by  dilatations  of  the 
great  systemic  veins  where  they  enter  the  heart  (sinus  venosus), 
and  of  the  base  of  the  aortic  arches  (bulbus  arteriosus). 

Viewed  as  a  whole  the  heart  of  an  adult  Amphibian,  as  for  example  the 
F,°g,  exhibits  the  following  parts  (fig.  355)  : _ 

(1.)  The  “sinus  venosus,”  a  blood-sinus  formed  by  the  confluence  of  the 
great  systemic  veins  where  they  approach  the  heart.  It  lies  on  "lie  dorsal 
side  of  the  heart,  and  opens  into  the  right  auricle. 

.Jnrf  “at,;ium>”  or  apparently  single  cavity  formed  by  the  apposi- 
ion  of  the  auricles.  In  reality,  this  is  divided  by  a  delicate  partition  into 
a  right  auricle  and  a  left  auricle  (fig.  355,  ra  and  /a). 

their  contents. 6  U'UllVlded  Ventricle  ^  int0  which  both  auricles  discharge 

14.)  I  lie  “  bulbus  arteriosus”  or  “truncus  arteriosus”  ffio-  -■re 
representing  the  dilated  base  of  the  aortic  arches.  The  truncl  aneriosus 
divides  into  two  primary  divisions  (d),  each  of  which  is  externally  siimle  but 
;  *  lnt°  three  compartments,  corresponding  with  the  three 

upon  b  n  °"  f Ch  Slde'  1  h?  firSl  or  1,10st  ^terior  aortic  arch  has  placed 
upon  it  a  singular  spongy  enlargement  known  as  the  “carotid  Hand  ” 
(eg),  and  divides  into  the  carotid  and  lingual  arteries  (ca  and  it  The 
second  or  middle  aortic  arch  (2)  unites  with  its  fellow  beli  n  the  heart 

Se^Scoh,  symc  rlescendi"s  whSi 

into  the  column.  The  third  or  most  posterior  aortic  arch  (3)  divides 

•venou  bloorftn  f,Tnary  fle[y  and  a  great  branch  which  carries 
enous  blood  o  the  skin  and  is  known  as  the  cutaneous  artery  (pc). 

has  cirenlnteri  ,.C0UrSt  °  ^  ?irCulation  "  as  follows:  The  blood  which 
which7s  ntetnMUfh  16  KX  y  e{lterS,  the  general  venous  circulation,  in 
ereat  svc,  ,  /  ,  ren.aI-PortaI  and  an  hepatic-portal  circulation.  The 

fnferio?  VC"1S  (the  ,r|ghl  and  left  superior  veiiw  cavm  and  the  sinc  e 

it  en  erVm1111  Cam)  p0.uf  thcl/  blood  into  the  “sinus  venosus,”  from  winch 
ie  right  auricle.  On  the  other  hand,  the  pulmonary  veins,  car- 
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lying  the  arterialised  blood  from  the  lungs,  open  into  the  left  auricle.  As 
the  ventricle  is  not  divided  internally  into  a  right  and  left  half,  it  follows 
that  the  contraction  of  the  auricles  drives  a  current  of  venous  blood  and 
one  of  arterial  blood  into  the  common  ventricle,  so  that,  theoretically, 
the  ventricle  ought  to  propel  mixed  blood  both  to  the  body  generally  and 
to  the  breathing  organs.  In  actual  fact,  however,  the  venous  and  arterial 


Fie  jcc. — Sketch  of  the  heart  of  a  Frog  viewed  from  the  ventral  side,  v  Ventricle ;  la 
S  Left  auricle;  ra  Right  auricle;  ta  Arterial  bulb  (truncus  arteriosus) ;  rfPnman 
divisions  of  the  truncus  arteriosus,  each  consisting  of  three  aortic  arches  (1,  2,  31- 
,  First  aortic  arch  giving  origin  to  the  carotid  artery  (f«),  and  the  lingual  artery  (0. 
a?  Carotid  gland  ;  2,  Second  aortic  arch,  uniting  with  its  fellow  on  the  opposite  side 
if)  form  the  systemic  aorta  (i/a) ;  3,  Third  aortic  arch,  dividing  into  the  pulmonary 
artery  (/«),  and  the  cutaneous  artery  (/r). 


streams,  entering  the  ventricle  from  the  right  and  left  auricles  respectively, 
are  kept  to  a  large  extent  separate  from  one  another,  and  are  separately 
distributed  through  the  different  aortic  arches.  It  is  unnecessary  here  to 
describe  the  mechanism  by  which  this  is  brought  about.  The  general 
result  is  that  unmixed  venous  blood  is  distributed  by  the  third  aortic  aiches 
to  the  pulmonary  and  cutaneous  arteries,  by  which  it  is  conveyed  to  the 
lungs  and  skin  respectively  to  be  aerated.  The  first  aortic  arches  receive 
nearly  quite  pure  arterial  blood,  which  is  distributed  through  the  lingua 
and  carotid  trunks  to  the  head  and  fore  part  of  the  body.  Lastly,  the 
second  or  proper  aortic  arches  receive  arterial  partially  mixed  with  venous 
blood,  which  is  distributed  by  the  systemic  aorta  to  the  body  generally. 

The  lymphatic  system  in  the  Amphibians  is  peculiar  in  the 
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fact  that  there  are  no  proper  lymphatic  vessels,  but  the  lymph 
circulates  in  lacunar  spaces  beneath  the  skin  and  in  great 
sinuses  formed  by  the  mesentery.  In  the  higher  Amphibians 
theie  are  connected  with  the  lymphatic  system  one  or  two 
pairs  ot  pulsating  cavities  known  as  “lymph  hearts.”  In  the 
kiog  there  are  two  pairs  of  these,  the  anterior  situated  close 
to  the  transverse  processes  of  the  3d  vertebra,  while  the  pos- 
tci  lor  lie  one  on  es-cli  side  of*  tlie  coccyx. 

As  regards  their  respiratory  organs ,  all  the  Amphibians  pos¬ 
sess  branchiae  in  the  early  stages  of  their  life,  and  all  possess 
lungs  in  the  adult  condition.  The  branchiae  are  developed  in 
connection  with  three  branchial  arches,  separated  by  clefts 
which  lead  into  the  pharynx.  In  the  earliest  stages  of  de¬ 
velopment  branchial  filaments  are  produced  from  the  outer 
ends  of  the  branchial  arches  as  three  externa l  gill-tufts  on  each 
side  In  those  Amphibians  which  keep  their  gills  throughout 
life  (  perennibranchiate  ”  forms),  it  is  these  external  branchiae 
which  are  retained.  In  the  higher  Amphibians  two  sets  of 
gills  are  developed,  the  external  branchiae  early  disappearing 
and  being  replaced  by  a  set  of  internal  gills  developed  on  the 
opposed  faces  of  the  branchial  arches.  In  all  cases,  however 
these  internal  gills  disappear  when  the  lungs  take  up  their  func- 
t'on  as  air-breathing  organs.  In  the  so-called  “  caducibranchi- 
ate  Amphibians,  not  only  do  the  branchiae  entirely  disappear 
but  the  gill-clefts  are  also  obliterated,  and  the  adult  animal 
shows  no  signs  of  having  ever  been  branchiate.  There  are 
forms,  however,  such  as  Amphiwna  and  Menopoma, ,  which  are 
so  far  intermediate  between  the  perennibranchiate  and  caduci- 
branchiate  types  that  while  they  lose  their  gills,  they  never¬ 
theless  retain  a  branchial  aperture  on  the  side  of  the  neck 
in  all  Amphibians  the  lungs  are  comparatively  simple  mem¬ 
branous  sacs,  without  internal  divisions  or  with  only  rudi 
mentary  septa,  and  they  play  a  comparatively  unimportant 
part  in  respiration.  When  the  gills  are  retained  throughout 
life,  it  is  probable  that  these  are  the  principal  breathing 
organs;  and  where  the  gills  are  lost,  the  soft  and  moist  skin 
plays  an  important  part  in  the  process  of  respiration. 

1  he  kidneys  of  the  Amphibians  discharge  their  secretion 
oy  two  ureters,  which  open  separately  into  the  “cloaca.” 

A  large  urinary  bladder  (“allantoic  bladder”),  usually  bifid 
superiorly,  is  present,  and  opens  into  the  ventral  side  of  the 
cloaca,  but  the  ureters  do  not  open  into  this,  and  it  does  not 
herefore  contain  the  urine.  Attached  to  the  upper  ends  of 
tfie  kidneys  in  the  Frog  are  tufts  of  slender  yellow  processes 
composed  of  fatty  tissue,  and  known  as  the  “fat  bodies”’ 
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(“corpora  adiposa”).  These  are  usually  shrunken  in  win¬ 
ter,  and  increase  in  size  in  summer,  but  their  precise  function 

is  not  clear.  ,  ....  , 

The  brain  of  the  Amphibians  (fig-  356)  is  in  the  main  very 
similar  to  that  of  Fishes.  The  cerebral  hemi¬ 
spheres  are  relatively  larger  than  in  Fishes, 
but  they  leave  the  mid  -  brain  uncovered, 
while  the  optic  lobes  are  still  of  large  size. 
The  cerebellum  is  small,  and  the  medulla 
oblongata  and  wide  fourth  ventricle  aie  not 
covered  by  it.  Eyes  are  rudimentary  and 
hidden  under  the  skin  in  a  few  forms,  but 
are  usually  present,  and  may  or  may  not  be 
provided  with  eyelids.  External  ears  aie 
wanting,  but  a  tympanic  cavity  and  tympanic 
membrane  maybe  present  (in  the  Anoara). 
In  the  Frogs  the  tympanum  is  visible  exter¬ 
nally  as  a  circular  area  of  skin,  differing 
from  the  surrounding  integument,  placed  a 
little  behind  the  eye  on  each  side. 

The  generative  organs  ot  the  male  Am¬ 
phibians  consist  of  a  pair  of  testes  placed 
in  close  relation  to  the  kidneys,  and  dis¬ 
charging  their  contents  by  efferent  ducts 
which  enter  the  kidney  and  join  the  urinary 
ducts  The  ureters  thus  act  as  vasa  defer- 
rolbe7proionged'inw  eutia,  and  the  semen  is  discharged  into  the 
the  olfactory  nerves  i  „  i n  the  female  Amphibians  the  ovi- 
(/.),<  tcrehiaihui",  ^u‘tg  are  not  directly  continuous  with  the 

paired  ovaries,  but  each  begins  by  a  wide 
funnel-shaped  opening  placed  far  forward  m 
the  abdominal  cavity.  The  oviducts  are 
long  and  coiled,  but  their  lower  portions  are 
usually  dilated  to  form  a  “  uterus,”  and  they  finally  ojien  into 
the  cloaca  along  with  the  urinary  ducts.  Impregnation,  e. 
cent  in  some  Salamanders,  is  effected  outside  the  body,  after 
\ r,mion  of  the  e^gs,  over  which  the  male  sheds  the  semei . 
^n  the  Land  Salamanders  the  eggs  are  fertilised  prior  to  extru¬ 
sion  from  the  body,  the  impregnated  ova  being  retained  witl_- 
in  the  uterine  dilatations  of  the  oviducts.  In  these 
irons  "  forms  the  metamorphosis  of  the  young  animal  is  n  o 
or  less  completely  undergone  within  the  body  of  the  pare  • 
(hire  are  other  cases  in  which  Use  development  of  the  young 
■miiml  takes  place  within  special  integumentary  cavities  (. 

or  in  brood-pouches  (as  in  Nototrema  and  Notodelphys). 


Fig.  356. — Brain  of  the 
Frog  (Ra>ia  tempor- 
aria)-,  viewed  from 
above,  ol  Olfactory 


spheres ;  e  Pineal 
gland  :  /  Optic  thal- 
ami ;  op  Optic  lobes; 
cb  Cerebellum ;  v 
Fourth  ventricle  ;  vt 
Medulla  oblongata. 
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In  the  majority  of  the  Amphibians,  however,  the  clevelon- 
°Jthc  imPregnated  ova  takes  place  altogether  outside 
t  e  bod)  of  the  mother,  and  is  attended  with  a  more  or  less 
met“m°rphosis.  This  metamorphosis  is  principally  con- 
ted  with  the  fact  that  the  Amphibians  commence  life  as 
\\a  ei-  reatlnng  larvae,  or  “tadpoles,”  provided  with  branchiae, 

evlen? nfU1t,the  aCUlt  CO,ndi.tion  they  Possess  lungs;  and  the 
nr  nn  16  metamorPhosis  largely  depends  upon  whether 
o  not  the  larval  branchiae  are  got  rid  of  in  the  adult.  The 
arvae  are  also  at  first  limbless  and  furnished  with  a  swim- 
ming-tail,  whereas  the  adult  has  usually  limbs,  and  may  be 
without  the  tail  Lastly,  the  larvae  are  vegetable  -  feeders 
whereas  the  adults  are  carnivorous. 


S 


r'g-  357- — Stages  in 


segmentation  has  taken  'place'"^1  The I.he  ,egS  1  -■  The  same  afte 
which  external  branchial  have  appeared  •  A  1?c!p^le,:  4'  TadP?,e  ■' 

have  disappeared,  and  internal  br-inrhia.  A5’  .  :u,P°le ,  in  which  the  external  gill 
limbs;  7.  Tadnolc  in  i.„.r  L:..e,aI?  developed ;  6,  Tadpole  with  the  him 


tiin-xiicc  are  tie 


8.  Young  Prog  witl 


fas  afforcUng'an 'exed rent^amnleTf  fh°e  tej,n^°!'aria'>  he  taken 

tphibians  generally  (fig  nr7,'  -i'i  le  “lt‘tanJ(>rphosis  of  the  higher  Ant- 
k  y  thg-  357)-  I  he  eggs  of  the  Frog  are  deposited  in  water, 
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,nd  the  thin  layer  of  albumen  with  which  each  egg  becomes  invested  in 
and  the  tmn  lay  oviduct  swells  up  on  contact  with  the  water,  so 

its  passage  t  g  gelatinous  mass.  When  first  hatched,  the 

that  the  ova  cohere  and  fom  S  «  develops  into  what  is 

young  frog  is  w.tho 't  Jim“s  °  ^  a"  4)  {he  ]arvi  is  a  minute, 

known  as  a  Pcre^ture)  with  a  long  swimming-tail,  and  furnished  with 

limbless,  fis  -  holders  ”  on  the  under  side  of  the  head  behind  the 

two  sucking  ^’  7whiS  it  can  temporarily  attach  itself  to  foreign  ob- 
'  &  »  ;detlop“VJ/  gills,  in  tlie  form  ‘1™  P™  <f 
branched  filaments  placed  on  the  sides  of  the  neck  (fig.  358,  A  and  B). 


Fie  358. — Development  of  the  Frog.  A  Embryo  before  hatching,  showmg^themdk 

'  mentary  gills  Cr)  as  tubercles  upon  the  Under^sideofa  Tadpole,  some  time  after 
Tadpole,  a  few  days  after  hatching.  C,  Under  side  ot  latip^  ^ in  which 

cl  1-6,  Visceral  clefts.  (11  is  after  Parker,  the  rest  after  Ecker.) 


Between  the  branchial  plumes  arc  gill-clefts  lending into  jj' 

one^of  tlYthree^cnUc1  archesS  on°each^skle(  and  tile  nrlennliscc.  b.ood  is 
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tnT/ied  ‘7?yfb>:  a  ,branchial  vein.  The  first  branchial  veins  go  directly 
to  the  head,  but  tne  last  two  pairs  unite  to  form  the  systemic  aorta.  Y 

of  the  head  and  i  f  •  ifa  (‘\S\  35§’  m)  is  Placed  uPon  under  side 
of  beak  T?1  furnished  with  horny  plates  on  the  jaws,  forming  a  kind 

mid  so  rill v  coilin' T '-Vef  uPon  ^ptable  food,  and  the  intestine  is  long 
ana  spirally  coiled.  Limbs  are  still  absent. 

In  the  next  stage  of  development,  a  fold  of  the  skin  grows  back  from 

eills^^h^fold^ff  k‘ rd  °f  °Perc.l'lar  fold  which  gradually  covers  up  the 
Thls/°ld  dld?ls  fr°m  ‘he  gill-cover  of  Fishes  in  having  no  repre- 
sentatives  of  branchiostegal  rays  or  opercular  bones  (unless  the  “squamo- 

behind^oT  s^neo?TPe;C,UlUm)-  i  This.  °Percular  flaP  becomeslnhed 

right  side  of  the  n/nl  a,bdomen’  th®  unlon  being  first  completed  on  the 
p  •  Vn  k’  "  ;ie  a,sma11  opening  or  respiratory  pore  (fig. 

“  '  “le>  an"  a"°"  °rthe 

W ith  the  disappearance  of  the  external  gills,  a  second  set  of  internal 
branchiae  is  developed  in  the  form  of  rows  of  short  lancet-shaped  processes 
upon  the  branchial  arches  on  each  side.  The  rudiments  of  the  limbs  now 

branePsoeatrhathethaelth!:l0HriPaiir  bdng  5on“aled  beneath  the  opercular  mem- 
Se  nevt  11  H  hmd-bmbs  are  the  first  to  become  visible.  The  lungs 
aie  next  developed,  the  pulmonary  arteries  being  at  first  very  small  and 

eso ‘  A”'”1  f”  a  ,ime'  With  ul  establishment'of  aerial 
■1  Oil,  the  pulmonary  arteries  increase  proportionately  in  size  and 

?  15  gmdually  diverted  from  the  gills  and  carried  to  the 
„  tg  ’  s.°  ,at  the  branchiae  undergo  a  proportionate  decrease  in  size  and 
1  imately  become  atrophied.  At  the  same  time,  the  pulmonary  vefns 
.  !c  1  ,et“™  the  aerated  blood  from  the  lungs,  increase  in  size  proportion' 
wh  chTc  f  their,  lncrfased  work>  and  ultimately  open  into  a  second  auricle 
lh",JUnC,i0'’  '™h  ,hc  "“«•  thus  becoming 

b  Jorne’,"  wMm  kmw  "7  sh1°'t“l  “d  is  equally  absorbed ;  the  mouth 
oecomes  wider,  and  is  placed  at  the  extremity  of  the  head  ■  the  liornv 

beak  disappears;  teeth  are  developed  on  the  pnemaxill^  maxilL  and 

Irj^wL'l^  IhAiodvTript  becomes  relatively  shorter  by  remaining  Catkin- 

developed  and  thn  fnii  •  °n  £rowm&*  }  lnally,  the  limbs  become  fully 

conveSirat  ‘n!lbut  bd"g  ^ 

thrown  ,A™phlbians  .which  retain  their  larval  branchiae 
uch  forms  ,  ari  Sa  !°  be  “  Perennibranchiate,”  and  in 
the  oH  1S,  afT 375  tbC  which  persist.  On 

their  hron  ,-1 "  ’  tbose  Amphibians  which  do  not  retain 
All  tb  HlSe  "i1  adu k  lfe  are  sai(1  t0  be  “  caducibranchiate.” 
dn  'Lr  Pnrennibranchiate  Amphibians,  and  many  of  the  ca- 
anrl  brancbiate  types,  retain  permanently  the  tail  of  the  larva, 
OnZG  tberepore  termed  “Tailed”  Amphibians  (Urode/a). 

(AnourafZ  S0'caIled  “Tailless”  Amphibians 

C1£.p  , .e.  a7al  tad  IS  completely  absorbed.  In  a  few 
in  otK  O'^tfes)  the  metamorphosis  is  evanescent:  and 
manderl  Pi^a'  Nototrema,  and  the  Alpine  Sala- 

are  shed  a  metamorPhosiS  takes  place,  the  branchiae 

•  bed  before  the  young  animal  begins  to  lead  a  free  existence. 


596 


MANUAL  OF  ZOOLOG\  , 


The  Amphibians  are  almost  universally  distributed  over  the 
world  The  perennibranchiate  forms  are  inhabitants  of  fresh 
waters  while  the  caducibranchiate  forms  are  largely,  or 
some  cases  wholly,  terrestrial  animals— many,  however,  spen  - 
ing  part'  of  their  life  in  water.  No  Amphibians  inhabit  the 

SC  As  regards  their  distribution  in  time ,  the  extinct  group  of 
the^  Labyrinth  odonts  »  largely  represented  rn  the  Carbon*, ^ 
ous  and  Permian  rocks,  and  disappears  in  the  Trias.  I  he 
Anoura  are  not  represented  in  rocks  older  than  t  ie  er  ui  \ 
peAd"  and,  with  doubtful  exceptions,  the  same  ,s  true  of 

Ul  Tlmda^of  the  Amphibia  is  divided  into  the  three  living 
orders  of  the  Ophiomorpha  (Gecihans),  the  XJroiela  (dalle 
Amohibians)  ami  the  Andcra  (Frogs  and  Toads),  to  winch 
must  be  added  the  series  of  ext, net  Amphibians  which ,  have 
been  usually  grouped  together  under  the  name  of  Labyr, 
odonts.” 


CHAPTER  LIU. 

ORDERS  OF  AMPHIBIANS. 

order  1. 

*  i^’^amcierised  by  their  serpa^nn  ex  vcnnifor.n 

and  the  vertebne  are  _like  animals, 

The  Csecihans  (hg.  359)  aie  singL  •  imrr0win"  in 
which  are  found  in  various  tropical  countries  bunowin  n 

marshy  ground,  sometimes  reachmg j  a  couple  of  fee 
in  length,  and  somewhat  re-hK  of  small 

The  skin  is  an,,,, hated,  am  ‘  lines  The  notochord 

cycloid  scales  arranged  in  ‘ransveree  «  a  ion  takes  place, 

Sd5,  and^uir  animal  is'  carnivorous,  feedmg  on 
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worms  and  insects.  The  eyes  are  rudimentary,  and  are 
covered  by  the  skin.  The  adult  possesses  lungs;  and  there 
are  no  traces  of  gills  or  gill-slits. 

Tlie  development  of  the  Csecilians  is  still  imperfectly  known.  Some  forms 
aie  o\  o-viviparous  ( Ccecilia )  ;  others  ( Epicrium )  are  oviparous.  In  some 
species  of  Cceeiha  the  larvae  possess  a  gill-slit  on  each  side,  leading  down 


MnnSh  i,  ^  nHnulat’‘S,  one  of  the  Csecilians,  much  reduced 

'  a  ¥  showlng  the  tongue,  teeth,  and  internal  openings  of  the  nostrils1 
d  Tail  and  cloacal  aperture.  (After  Dumeril  and  Bibron).  nostrils 


thwefc™  Hll\rtIn  an0th?r  SpeC/eS  °[the  Same  £enus  (C‘  «>mpressicai,da) 
there  is  no  gill-slit  m  the  larva,  but  the  neck  carries  vesicular  structures 

believed  to  be  of  the  nature  of  external  branchiae.  In  Epicrium  rtutin- 
osum  the  embryo  prior  to  its  emergence  from  the  egg  possesses  external 
branchiae,  which  are  shed  before  hatching.  After  ba^rg  the  egl  the 
arva  lives  in  water,  and  then  breathes  by  means  of  gill-sfits  which’ ulti¬ 
mately  disappear,  the  animal  then  becoming  terrestrial.  ’ 


As  regards  their  distribution  in  space,  the  species  of  Ccccilia 
are  found  in  India,  Africa,  and  South  America ;  Siphoneps  and 
Khinatrema  are  exclusively  Neotropical;  and  Epicrium  is  ex- 
JTtV  ^slatlC-  Upon  the  whole,  the  Csecilians  should 
Urodela  ^  re^ar<^e<^  as  a  Peculiarly  modified  group  of  the 


Order  II.  Urodela  (  =  Ichthyomorpha,  Owen).— This  order 
.  commonly  spoken  of  collectively  as  that  of  the  “Tailed” 
nip  n  nans,  from  the  fact  that  the  larval  tail  is  always  re- 
ame  m  the  adult.  I  he  Urodela  are  characterised  by  having 
ne  skm  naked,  and  destitute  of  any  exoskeleton.  The  body  is 
on'ia  <d  posteriorly  to  form  a  compressed  or  cylindrical  tail , 
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which  is  permanently  retained  throughout  life.  The  dorsal 
vertebra  are  biconcave  [ amphiccelous ),  or  concave  behind  and 
convex  in  front  (, opisthocoelous ),  and  they  have  short  ribs  attached 
to  the  transverse  processes.  The  bones  of  the  fore-arm  [radius 
and  ulna)  on  the  one  hand,  and  those  of  the  shank  [tibia  and 
fibula)  on  the  other,  are  not  anchylosed  to  form  single  bones. 

'  In  one  section  of  the  Urodela  —  hence  called  Perenm- 
b ran chia t a — the  gills  of  the  larva  persist  throughout  life,  in  the 
form  of  three  plume-like  appendages  on  each  side  ot  the  neck 
(fig.  360,  A  and  C),  as  seen  in  the  Siren  and  Menobranchus. 


In  a  second  section,  termed  Derotremata,  comprising  genera 
such  as  Amphiuma  and  Menopoma,  the  larval  gills  disappear, 
but  the  gill-slits  are  retained  by  the  adult.  In  a  third  see  10 
[Myctodera),  comprising  the  various  Salamandroids,  the  per  e 
adult  is  destitute  of  both 


gills  and  gill-slits. 


\m one  the  Petennibranchiata,  the  Siren  or  Mud-eel  (hg.  36°,  A)  is 

SS5“2t«h'CThf.S  tl  'll.™  gill-plumes  o„ 
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will  i ef  5  arnd  the  animal  grows  to  the  length  of  about  a  foot.  A  third 
'Yhe  ‘?lud:Puppy”  {Menobranchus  or  Nectaries  later- 
in  2n  fresh  waters  of  the  United  States.  It  reaches  a  couple  of  feet 
in  length,  and  all  its  feet  are  four-toed.  ^ 

sJn^miHS  atranSili0n  betWeen  the  Perennibranchiate  Urodelans  and  the 
Salamandroids  is  the  group  of  the  Derot remata ,  in  which  the  gill-slits  are 
persistent,  though  the  gills  themselves  disappear.  To  this  group  belong 

ami  botTYah-sa  r^  3^0,  B),  in  which  the  lod^is tngf 

,  ,  Palls  °f  bmbs  are  present,  each  terminating  in  three  toes  The 

Sn  Lkn0WTT  ;sPec*es  of  Amphiuma  is  found  in  the  fresh  waters  of  the 
I/1);  Y'1  ’?lted  States.  Another  North  American  type  is  the  genus 
llenopoma  the  only  known  species  of  which  grows  to  a  length  of  alfout  a 

fCet‘  Rekted  l°.the  Preceding  is  the  genus  Cryptobran  Jus 
(  boldia),  comprising  the  Giant  Salamanders  of  Tapan  and  China  These 
reach  a  length  of  between  three  and  four  feet,  and  ft  £  probable  thaT  the 
fhisag^°fthe  Ml°Cene  Tertlary  should  be  placed  in  the  vicinity  of 

thYY n  -Ve,haVe  the  froup  of  the  Salamandroids  (Mvcfodera),  in  which 
the  adult  is  destitute  of  both  gills  and  gill-slits.  The  three  mos  t  mica 
groups  of  this  section  are  the  Newts  {Triton,  &c.),  the  Land-salamanders 
(Salamandra,  &.  c.),  and  the  A  mb  ly stoma;.  The  Water-salamanders  or 
Newts  and  Efts,  are  lizard-like  in  shape,  with  a  verticalWomSsed 
wimming-tad  (hg.  361).  The  males  are  commonly  providedWvith  a  dorsal 


integumentary  crest  at  the  breedinGr  seisnn  tug  i  •  . 

and  the  fore-feet  have  four  toes  while  the  hind  ST  15  Sm°0th  or 'varty ; 

U1  the^^uX’a^ar 

losa)  of  Euront  in\  fvj6  ,fln?/  le  common  Spotted  Salamander  (A.  macu- 
(A.  X)  of  Y  T  N'Yh  Afnca>  and  ^e  other  the  Black  Salamander 
formersLI  Y  tL'd  mn"nU'n  districts  of  Central  Europe.  In  the 
are  deposited  iY  Water*"*!  if  A  thf.  m0t|ler-  ,hav'f  exte>nal  gills,  and 

are  hatched  at  a  time  '  ’  l.he  olher  hand,  only  two  embryos 

cnect  at  a  lime,  and  these  are  retained  within  the  uterine  dilatations 
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of 'he  oviducts  until  Jeve.opnten.  YxS'.tdtarilytng 

certSS’knotS,  specie*  of  ti^XSp'ud  Sta  tt‘££ 

long  acquainted  with  certain  singular  perenmbianclna^e  P  have 

inhabit  lakes  in  Western  North  America am  Mexico  and 
usually  been  known  under  the  name  of  Axolotls  \n„.  I 


«e  ,62  -The  Mexican  Axolotl  {Sircdon  pisci/ormc 
SgUls;  B,  When  its  gills  have  disappeared  and  it 
(After  Dumeril  ) 


reduced  in  size.  A,  With  its 
has  become  an  A  mb ly stoma. 


do  the  Axolotls  entitely  tesemble  die  oidinaty 

n ns  in  the  possession  of  thiee  gill  tults  .  +1  iprpfnre  to  new 

have  fully-developed  reproductive  organs,  an  d  give  therefore>  was  feit  as 

individuals  by  a  true  generative  pmces. .  mature  and  the  genus 

to  the  fact  that  the  Axolotls  were  genuinely  adult  o,  mature,  ana  g 

Sircdon  was  created  for  their  ^ceptmn It  “weve.  sho 

than  twenty  years  ago  that  undei  kept  in  domestication,  might 

of  being  compressed,  and 
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Amblystoma  (A.  mavoriium)  while  in  its  own  natural  habitat.  In  the  case 
species  many  individuals  pass  towards  the  end  of  summer  into  the 

hA.V  whileT'sril'T’  "S  U,leir  §in-tufts>  and  becoming  terrestrial  in 
habit,  whde  a  still  arger  number  persist  in  the  Siredon  stage,  retaining 

hen-  gills,  and  breeding  freely.  We  have,  therefore,  in  the  case-  of  E 

Amphibians ^in^two^'  the  ,hiSh]y  remarkable  fact  of  the  existence  of  tailed 
st3 fS:  ■  ,tW°  serxual  conditions.  In  the  one  condition  (. Siredon 
stage)  the  animal  is  so  far  larval  that  it  retains  its  gill-tufts,  but  at  the  same 

sta-Vh  has  Chs°IirOCiri0n-  In  l,he  S£COnd  condition  (■ Amblystoma 
wise  variouslv  mo  iff  !  ’  p  lts,e?r}eral  organisation  has  become  other- 
lui.!  modified.  Remarkable  as  is  the  fact  that  4mblvstoma 
"  “VC  ,the,  P?WCr  °f  reproduction  while  still  in  the  larval  condition 

alamandLS T  ^nd  al°ne  =  si"ce  *  of  the  Water’- 

saiamancteis  ( In  ton  alpeslns  and  Lissotnton  punctatus)  have  been  found 

to  be  sometimes  sexually  perfect,  while  still  retailing  their larval  characters 

Order  III.  Anoura  or  Batrachia  ( Theriomorpha ,  Owen). 
11ns  order  comprises  the  Frogs  and  the  Toads,  and  is 
characterised  by  the  fact  that  the  larva  possess  external  a, id 
internal  gills  gill-slits,  and  a  tail ,  while  all  these  structures  arc 
wanting  in  the  adult.  The  p  rasa  era  l  vertebra  never  exceed  nine 

number,  and  almost  always  have  proccelous  centra.  Both 

PlZh  °f  llmXare  and  the  radius  and  ulna  in  the  fore- 

limb  and  tibia  and  fibula  in  the  hind-limb  are  anehylosed  to 

form  single  bones.  The  hind-limbs  are  generally  longer'  than  the 
fore-limbs,  and  the  manus  has  five  digits 

■  rhe  m<-Jtamorphosis  in  the  Anoura  is  more  complete  than 
m  any  other  group  of  the  Amphibians,  and  has  previously 

Z  y,: ftdKd  <Sef  >’•  593).  The  larvae  or  “Lpoles" 
mostly  inhabit  water,  and  are  furnished  first  with  external  and 
subsequently  with  internal  gills.  The  hind-limbs  of  the  tad¬ 
poles  become  visible  sooner  than  the  fore-limbs,  as  the  latter 

gills  bn  sn°Vered  bVv  °perCUlar  flap  which  g^ws  over  the 
g  Is.  In  some  cases  (Nototrema  and  Notodelphys)  the  females 

are  provided  with  brood-pouches  or  saccular  involutions  oTthe 

dorsal  integument,  within  which  the  earlier  stages  of  develon- 

S  XPaSSC  ,  ^  CaS£  °f  °"e  of  the  ^cies  of  HyTZ, 

branch tZ  Can  hKrdIy  Sa'd  t0  be  anX  metamorphosis,  the 
no^er  S  Ig  absen,t  0r,  evanescent,  while  the  anterior  and 
SJ1!  u  are  developed  contemporaneously,  and  the 
egg  b  orbed  WIthin  the  first  day  after  emergence  from  the 

In  the  adult  Anoura,  respiration  is  purely  aerial,  and  is  car- 

wen  Z  bf  me?nS  a  ugS’  Which  are’  comparatively  speaking, 
well  developed.  As  there  are  no  movable  ribs  by  which  the 

sorneu'lvit a,Vlty  be  exPanded»  the  process  of  respiration  is 
fills  th  Peculiar.  1  he  animal  first  closes  its  mouth,  and 
Is  the  whole  buccal  cavity  with  air  taken  in  through  the 
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nostrils.  The  posterior  nares  are  then  closed,  and  by  the  com 
traction  of  the  muscles  of  the  cheeks  and  pharynx  the  inspired 
air  is  forcibly  driven  into  the  windpipe  through  the  open 
glottis.  The  process,  in  fact,  is  one  of  swallowing ;  and  it  is 
possible  to  suffocate  a  frog  simply  by  holding  its  mouth  open, 
and  thereby  preventing  the  performance  of  the  above-men¬ 
tioned  actions.  There  can  be  no  doubt,  also,  that  the  skin  in 
these  animals  plays  a  very  important  part  in  the  aeration  oi 
the  blood,  and  that  the  frogs  especially  can  carry  on  their 
respiration  cutaneously,  without  the  assistance  of  the  lungs, 
for  a  very  lengthened  period.  This  undoubted  fact,  however, 
should  not  lead  to  any  credence  being  given  to  the  often-re¬ 
peated  stories  of  the  occurrence  of  frogs  and  toads  in  cavities 
in  solid  rock,  no  authenticated  instance  of  such  a  phenomenor 
being  as  yet  known  to  science. 


Fig.  363.— The  Common  Frog  (A\i na  temporaria). 

The  order  Anoura  may  be  divided  in  accordance  with  the 
structure  of  the  tongue  into  the  three  sections  of  the  Aglossa, 
Opisthoglossa,  and  Proteroglossa.  These  sections  are  of  an 
extremely  different  value,  the  first  comprising  only  the  two 
genera  Pipa  and  Dactylethra,  and  the  last  including  only  the 
single  genus  Rhinophrynus,  while  all  the  other  loims  o 
order  are  contained  in  the  Opisthoglossa. 

In  the  section  of  the  Aglossa  a  tongue  is  not  developed.^  The  bes t- 

T;r  s  *  S  ^ 

integument  of  the  female  becomes  greatly  thickmed  at  the j f  j  ’ 

an.l  the  impregnated  eggs  placed  by  the  mde  m  ^  ^ 


this  soft  integument.  In  these  cavities  the  eggs  at 
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stages  of  development  being  completed  before  the  young  are  liberated  to 

SSr,l&d“5.!ife--  »*h“  Agios.  J6,„g„s”eA5JSt“ 

smalHeefh  {u  "?  the  faCt  that  the  P««naxillse  and  maxilke  bear 

oes  arp  ?’  W  lei,eas.t.he  Ia|ter  M  toothless.  The  three  inner  toes  of  the 
f  l'shef  'v,th  naiIs>  as  1S  the  case  in  no  Amphibian  save  Sala- 

\  a?;°ngAr  Urodelans-  The  few  known  species  of 
Ucutylct/u-a  ate  confined  to  Africa,  south  of  the  Sahara 

fixed1  infant"  °^iSt/l0Sl?s\a.  comprises  those  forms  in  which  the  tongue  is 
order  H?  ’  ",  ^  beh‘"d'  and  Eludes  a»  the  ordinary  types  of  the 

.  Here  only  some  of  the  principal  groups  can  be  noted  and  that  in 

familvoffS!h?a^ner:/  °f  ‘I16  f0rmS  which  are  usuaI]y  called  “Frogs,”  the 
tno  mans  n  ^  most  famiIiar,  a»d  comprises  a  number  of 

,^”“a’  la  "  hich  the  upper  jaw  carries  small  teeth,  the  digits  are 

iKelfed  at  lhel‘  endf’  and  the  hind  toes  are  webbed.  The  genus  A'ana 
tribuftiCo°nmPNoSc  nCar  y  eig,Uy  Sp,ec[^’  and  llas  an  almost  world-wide  dis- 
4me  ca  or  tLTT  the  ™CSt  Indies’  the  no>thern  parts  of  North 

the  Aush-MG^  continent  of  Australia,  the  only  known  species  inhabiting 

Fro^  tS'  rP  7lnCebieing/OUund  H1  New  Gldnea-  The  common  Gras! 
*r°e  (ATa  temP°rana)  and  the  Edible  Frog  (R.  esculenta)  have  an 

“e°fingyerT  therathSe'  V  Fr0g  <fig'  363)  the  ““L  has  four 

d  o-it  of  th!  hn’n  f  mb  being  rudimentary.  In  the  males  the  innermost 
W  fi  !aS  ltS  lnne"  edSe  thickened  at  the  breeding  season.  The 

are  united'  hv  T  w'  6  °  wFlch  the  fourth  is  the  longest,  and  the  digits 

united  b)  a  web.  On  the  inner  side  of  the  hallux  is  a  little  hornv 
prominence  or  “calcar.”  The  hind-leg  of  the  Frog  looks  as  if  it  were 
made  up  of  four  segments,  the  third  segment  being  really  the  greatly 

TheEdibleCFro^  ^  aStragalas>  which  become  united  by  their  ends? 
the  fac  thot  t  ?rS’  am0ng..?’hel'  characters,  from  the  Grass  Frog  in 
Sch side of  the' 1™ n  F°Tu  VO<?aI  sacs”~^>  dilated  sacs  placed  on 
the  mouth  t 1  f  r u  the  a,ngIe  °f  the  lower  Jaw>  and  opening  into 
vt  c  ;,  hl.  lr  be'fng,  that  °f  increasing  the  resonance  of  the 

Pifien,)  of  NorlhlmericT  “  the  «"«  ****  <*• 

in  S\S1TIar  t0  the,  1 ‘ypical  Frogs  in  most  respects  are  the  Cystignathidce 
in  which,  however,  the  toes  of  the  hind  feet  are  not  webbed/  Most  of  the 
forms  of  this  group  are  South  American.  In  the  Bomfoiatoridl again 
the  organ  of  hearing  is  imperfectly  developed,  or  may  even  be  wanting 
The  genus  Bombmator  itself  is  represented  by  a  single  specks  in  Cent r!l 
Europe  and  Italy,  and  is  remarkable  in  the7  fact  that  The  centra  of  the 
dorsal  vertebrae  are  opisthoccelous. 

usMlhr^aUed^Tonrl tbe'  C0laPnses  most  of  the  forms  which  are 

usually  called  Toads,  in  which  the  digits  are  pointed  but  there  are  no 

pnemaxillary  °r  nn-ixiUnry  teeth.  In  the  genus  Bufo  the  toes  of  the  hind- 

or,spsx/r°T,e',di:wfb“’ and  ,he 

un  each  side  of  the  neck,  behind  the  eye,  is  a  gland  (“parotid  eland  ”1 
and1CLvpCreteS  T  aCdd  fluid-  Neady  a  bundred'species  of  Bufo  are  known, 
found  in^I'uron  ln°  T|UniVerSaI  cdstribution  ’  tb°ugh  only  three  species  are 
,  r  t;  1  lc  commonest  of  these  is  the  Common  Toad  (B.'vul- 

fo  oc!o  Wt  ,ho  f°",nd  °Ve,r  E,urope  and  Asia,  and  lives  up  to  heights  of 
Toad  t Bit fn  JJ/C  .’c  sea‘level.  A  rarer  British  species  is  the  Natterjack 
not  occur  i?  Britain.  ^  Eur0pean  species  (*•  ™riabilis)  does 

ties  of  typCJ  °/  tllt‘  Opisthoglossate  Anourans  have  the  extremi- 

as  “Tr,  r°tS  e,X,pa"dLed  to  Porm  sucking-discs,  and  arc  usually  spoken  of 

FrogJbuf St  of  differ  in  .lbe  ,form  <’f  their  **«  from\hS  typLl 

&  ’  out  most  of  them  agree  with  these,  and  differ  from  the  Toads,  in 
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having  d remaxillary  and  maxillary  teeth.  The  typical  family  is  that  of  the 

.he  SrSeni  ATlSSbi 

;,™S“  The  only  European  species  is  .he  widely  distributed  litile  green 

Teslily2  ‘the  is  characterised  by  the  fact  that 

the  ton-me  is  fixed  behind  and  free  in  front,  while  the  upper  jaw  is  edentu 
Ions  This  section  comprises  the  single  species  Rhmophrynus  dorsalis  of 

Mexico. 

Order  IV.  Stegocephala.  —  Under  this  name  we  may 
eroup  together  a  large  number  of  extinct  Amphibians  which 
usuafly  spoken  of  as  “  Labyrinthodonts.”  This  name  ns 
in  allusion  to  the  peculiarly  complex  structure  of  their  teeth 
the  parietes  of  which  are  folded  mwards  in  a  lab> irntlrine 
manner,  as  shown  by  transverse  sections  (fig.  064).  ihe 


„  ,6 ,  —Section  of  the  tooth  of  Labyrintliodon  ( Mas  to - 
dJisaurus)  Jcegeri ,  showing  the  microscopic  structure. 
Greatly  enlarged.  Trias. 


Fig.  365.— <r  Skull  of  I.aby- 
rinthodon  Jtrgeri,  much  re¬ 
duced  in  size;  iToothof  the 
same.  Trias.  Wiirtemberg. 


skull  (fig.  365)  was  broad  and  flattened,  and  was  in  many 
cases  covered  with  a  sort  of  helmet  formed  o  hard  and 
polished  bony  plates,  which  are  commoidy  scuipUncd  - 
nally,  or  exhibit  peculiar  symmetrical  grooves.  he  sk^. 
united  to  the  vertebral  column  by  two  occipital  condy  es. 
Another  extraordinary  feature  is,  that  the  abdoi ^lien  •  1^ 

tected  by  an  exoskeleton  formed  of  oval  P^es  of  b 
notochord  was  more  or  less  largely  \  f  vertebral 

sessing  amphicoelous  vertebne.  In  most  forms  ' 

column  is  prolonged  into  a  long  caudal  regio  .  '  , 

taunts,  branchial  arches  seem  to  have  been  present,  8 
whether  they  were  persistent  or  not  is  uncertain. 
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1  he  condition  of  the  limbs  in  the  Labyrinthodonts  varied 
greatly.  In  Ophidcrpeto?i ,  and  in  a  number  of  other  forms, 
no  limbs  appear  to  have  been  developed.  In  the  majority  of 
cases,  however,  both  pairs  of  limbs  were  present,  the  hind- 
limbs  being  larger  than  the  fore-limbs.  This  is  well  shown  by 
the  footprints  ot  Labyrinthodonts,  which  have  been  commonly 
preserved,  and  which  show  (fig.  366)  a  series  of  alternate  pairs 


of  hand-shaped  impressions,  the  hinder  print  of  each  pair 
being  much  larger  than  the  one  in  front.  These  footprints 
are  of  common  occurrence  in  the  Triassic  rocks  of  Europe  • 
and  it  being  at  first  unknown  by  what  animal  they  had  been 
produced,  the  genus  Cheirothenum  was  founded  for  their 
reception. 

The  Labyrinthodonts  vary  also  greatly  in  size,  some  forms 
being  of  moderate  dimensions,  while  others  must  have  been 
colossal.  I  bus,  the  skull  of  Labyrinthodon  (Mastodonsauncs) 
Jcegen  is  upwards  of  three  feet  in  length. 

As  regards  their  distribution  in  time,  the  Labyrinthodonts 
are  not  only  extinct,  but  they  are  only  known  as  occurring  in 
the  Carboniferous,  Permian,  and  Triassic  rocks.  They  attain 
t  icn  maximum  development  in  the  Carboniferous  rocks,  but 
tie  largest  forms  occur  in  the  Trias.  It  may  be  added  that  it 
has  been  shown  that  a  large  number  of  Palaeozoic  Amphibians 
which  have  been  spoken  of  under  the  general  title  of  “  Laby¬ 
rinthodonts”  have  no  “  labyrinthine  ”  pattern  in  their  teeth, 
and  the  precise  place  which  many  of  these  forms  should  occupy 
is  still  uncertain. 
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CHAPTER  LIV. 

CLASS  III.  — REPTILIA. 

The  classes  of  the  Reptiles  and  Birds  are  in  many  fundamental 
points  as  regards  their  organisation  closely  connected  with  one 
another,  and  they  have  been  grouped  together  by  Professor 
Huxley  in  the  single  division  of  the  Sauropsida.  This  division 
is  characterised  by  the  fact  that  the  embryo  is  furnished  with 
an  amnion  and  allantois,  and  that  branchiae,  or  water-breathin°- 
respiratory  organs,  are  never  developed  upon  any  of  the  vis°- 
ceral  arches  at  any  period  of  life.  The  red  blood-corpuscles 
are  oval  in  shape,  and  are  furnished  with  nuclei  (fig.  nc,  l,  A 
ie  skull  articulates  with  the  vertebral  column  by  a  single 
occipital  condyle.  The  mandible  is  complex,  being  composed 
of  several  pieces,  and  it  is  attached  to  the  skull  by  the  inter¬ 
vention  of  a  quadrate  bone.  Lastly,  all  the  Sauropsida  are 
oviparous  or  ovo-viviparous. 

AI^e.a.1?°ve  beu?S  the  common  characters  of  the  Sauropsida, 
characters^  ^  dlStingulshed  from  the  Aves  by  the  following 

thinhthbl00(!  in  *eptilf.s  is  cold  that  is  to  say,  slightly  warmer 
rullmn  exte"lal  medium— owing  in  part  to  the  fact  that  the 
pulmonary  and  systemic  circulations  are  always  directly  con- 

fethfr’.  eitLher  Wlthln  the  heart  or  in  its  immediate 
v  J0U1  i°0<  ’  s.°  that  the  body  is  supplied  with  a  mixture  of 
nous  and  arterial  blood,  in  place  of  pure  arterial  blood  alone. 

mnf6  ‘y6  nevf  fevver  than  two  aortic  arches  present.  The 
atl°nSi  °f  t  le  bronchl  at  the  surface  of  the  lung  are 
em  ,  ’  fr?  not  communicate  with  air-sacs,  placed  in  differ- 
Str  Jl  °f,  the  body-  When  the  epidermis  develops  horny 

never  hwni  r56  ''f  f°rm  °f  horny  plates  or  scnles,  and 

never  in  the  form  of  feathers.  The  fore-limbs  are  formed  for 
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various  purposes,  including  in  some  cases ;  even  flight  >ut  they 
are  never  constructed  upon  the  type  of  the  wing  of  Bim*. 

I  astly  whilst  the  ankle-joint  is  placed  between  the  distal  and 
proximal  portions  of  the  tarsus,  the  tarsal  and  metatarsal  bones 
of  the  hind-limb  are  never  anchylosed  into  a  single  bone 

The  shape  of  the  body  in  the  Reptiles  is  very  variable,  but 
with  the  exception  of  the  Tortoises  and  Turtles,  they  are 
mostly  of  an  elongated  form,  provided  with  a  longer  or  sho  te 
tail,  and  either  limbless  or,  more  usually,  provided  with  two 
nnim  of  variously  constructed  limbs. 

The  exoskeleton  of  Reptiles  usually  has  the  fo™  °^10™f 
scales  or  scutes,  which  are  formed  by  a  hardening  of  the  epi- 
derSs  but  are’, tot  produced  within  follicles.  Moreover,  the 
dermis  always  takes  part  in  the  formation  of  the  scales,  in 
some  cases  as  in  Chelonians  and  Crocodihans,  the  dermis 
becomes  more  or  less  extensively  hardened  by  ossification,  and 
such  forms  are  grouped  together  under  the  name  of  Lcruata 
whilst  those  types  which  have  epidermic  scales,  without  derma 
bones  have  been  spoken  of  as  the  Squama ta. 

As ’regards  the  endoskeleton ,  the  notochord  always  show  s 
vertebral  segmentation,  and  is  generally  more  or  less  com¬ 
pleted  ossified.  In  a  few  forms  (Geckos,  Sphenodon,  and 
certain  extinct  Reptiles),  the  vertebra;  are  amphiccelous,  but 
they  are  usually  proccelous.  Ribs  are  present  and  are  often 

■  r  surface  carried  upon  tire  ossified  basioccipital  and  exoc 
Sbones.  The  ml, edible  (fig  3,.)  -  complex  each  ramu 
consisting  of  several  pieces,  and  it  is  united  to  the  skull  Dy 
means  of  a  quadrate  bone  (fig.  367),  "'h,ch  is  firmly  united 
with  the  skull  in  Chelonians  and  Cyocodiltans,  but  is  m 
less  movable  in  Lizards  and  Ophidians  1  eeth  aie  absent 

theTother^members  ofThe  ST  The^  adapted  for 

maxilla;,  with  or  without  the  P«ema.  ,  the  former  in 

pterygoid  and  palatine  bones  cany  teetn,  as  uu 

"  Peyctord  Umb'and  their  arches  are  absent  in  the  Snakes,  as 

are  the  pelvic  limbs  also  with  but  in  these 

are  also  wanting  in  the  serpent.form  Lizards,  though 
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cases  the  pectoral  and  pelvic  arches  are  more  or  less  com- 
p  etely  represented.  In  Reptiles  generally  both  pairs  of  limbs 
are  present;  but  the  form  of  the  manus  and  pes  varies  much. 

len  the  mantis  is  present,  it  never  has  less  than  four  dibits 
and  the  three  innermost  of  these  at  least  are  provided  with 


F!S'dibi;;  a^Ar^icula^portion^^  Ui^mandible^aa  C 1  ?f  ‘he  ™ 

pc  Prootic  ;  pa  Parietal’  4>o  Post  frnntni  •  f  ’  t?  ^-l,ac^rate ^bone ,  sq  Squamosal 
/»,-  Praema^illary  'ft^axill^ry^'/i-Trai^vJ^e^one  f’flt'lfoerygoidi  ~  “ 


claws.  I  he  ankle-joint  is  placed  between  the  proximal  and 
distal  rows  of  tarsal  bones,  and  not  between  the  proximal  tar¬ 
sal  bones  and  the  tibia.  Moreover,  the  metatarsal  bones  are 

tlrsil  I1™16'  Wlt  l  one.another  an('  with  the  distal  row'  of 
tarsa!  bones  as  occurs  in  Birds  generally.  There  are  never 
fewer  than  three  digits  in  the  pes 

1  he  digestive  system  presents  few  points  of  interest  The  ali 
mentary  canal  consists  of  a  gullet,  stomach,  and  smdl  and  large 

o  Tnto^  fa  Ver  ,ann  Pancreas  are  Present.  The  rectum 

cefves  he  rlnr  f ‘^Tif  d‘.Iatatl0n  ,or  “  cloaca,”  which  also  re- 
eives  the  ducts  of  the  urinary  and  reproductive  organs  The 

2rSjSSr  ls,  'oi^inal  or  rounded  in  Iheloni^s 

Lizards  d"a”S’  18  transverse  in  l|,e  Snakes  and  tile 

is  eolliegarjS  t,heir  d"uIalory  V •!><»',  the  blood  in  all  Reptiles 

nucleated  Tl  ,  tCOrpuscl<:s  of  «'=  ‘Wocl  are  oval  and 
anr;  -  /  .  Pe  heart  consists  of  two  completely  separated 

divided  ^  nkrit  and  .  aiu'icle),  and  of  an  incompletely 
is  he  T11101,1  ventride  ^  368).  In  the  Crocodilia  alone 
Septum  between  the  ventricles  a  perfect  one,  and  in 

2  0 
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these  there  is  still  a  communication  between  the  left  and  right 
sides  of  the  heart  by  means  of  an  aperture  which  connects  the 
two  great  aortic  trunks  at  a  point  just  above  their  origin  from 
their  respective  ventricles.  In  the  most  typical  condition  of 
narts  (fig.  ^68),  the  circulation  in  the  Reptiles  is  as  follows  . 
The  venous  blood  returned  from  the  body  is  poured  into  t  le 
right  auricle  by  the  great  veins  (two  superior  veme  cavee  and 
one  inferior  vena  cava),  a  “  sinus  venosus  ”  being  generally 
formed  at  the  point  of  junction  of  these.  1  he  arterial  b  o 


,  368-Plan  of  the  heart  and  great vessels  of 'a ;  Chelonian.  ^ft 

1  nonary  veins  being  omitted.  trunks  (err) ;  la  Left  aorta,  giving  off 

auricle  ;  ra  Right  aorta,  giving  oil  th®c  ^  ;  (u  aorta  to  form  the  descend-  i 

the  catliaco-mesentene  artery £'«>. pulmonary  artery;  db  Ductus  I 


g  t±Tda)TpTLl  pSSane^T/^RigVt' pulmonary  artery ;  db  Ductus  | 
Bo t alii  ;  br  Brachial  artery. 


—“Te  VSJ  "Tit  c'oniln  "HIS 

:ohr“Wor  l’essy  largely  separate,  and  are  prevented  from  becomj 
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™htL“Jrht<,°debredlTPl!a,iC  a°rta>'  Plac«l 

ventricle0  ti,o  ’  j  has  ns  origin  from  the  left  side  of  tire 

from  tt  Zt  JlZ  [t  C,S'.  t™!5,1  tl'r’f,  “ 

origm  T  irts°° 

Sffl.  ct^T Z71VX& 

atrd  it°r.,v‘es  orieinU!n  !f‘  pnnc,pall>' with  pure  arterial  blotfd, 

8£s~~*f£SS5\S 

artery  (fig  J8\,,A  Thr  coeUaco '  mesenteric 

With  o,L°anao,Lrii.he  hVfS™"or  hft  a0rt,e 

to  form  the  descending  aorta  (Be  ,68^1  c0'’nec,tnl8-|5ra'’cl'. 

is  sar  *•  «=»■».» 

tains  arterial  blood  whir  h  >  r*»/-1a°lt:a’  w^‘c^  therefore  con- 

tenor  extreinities^through  he  c  ro^fand  ‘"f  1’^  a"d 
Though  the  heart  of  r]1(?r  ££0t  and  subclavian  trunks. 

ated  imo  a  right  and  kft  haTf *?'?“  th.us  «,rar- 

Serial  blood  whirh  i«  c  ,  1  11  termixture  of  venous  and 

Place  in  these  forms  I  ,lST“C  °f  the  ««PtMes  takes 
right  and  left  "  1  tho"Sh  ”°t  }«  the  heart  itself.  The 

flood  are  narrrelv'  c  carrl'  lno  1 '-‘Sfecti  vely  arterial  and  venous 
»l>ere  £c?oas  Ji1,»  K  ed;''!h  °"e  “notl'“  «  the  point 

h  the  so-called  ■’dorame^PanS  ”"gKn  fr0"'  '''‘t '’enlricles, 

men  therr  ;c  t  "  anizzse-  -By  means  of  this  fan- 
in  ermixture  of  the  venous  and  arterial  blood 
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carried  by  the  left  and  right  aorta;  respectively.  This  arrange¬ 
ment  is  correlated  with  the  habit  of  the  Crocodihans  of  drown¬ 
ing  their  prey  under  water.  Thus  when  the  animal’s  respira¬ 
tion  is  impeded  by  prolonged  submersion,  and  when  the  right 
side  of  the  heart  consequently  tends  to  become  gorged  with 
venous  blood,  the  pressure  is  relieved  by  the  escape  of  the 
venous  blood  from  the  left  aorta  into  the  right  aorta  through 
the  foramen  Panizzae.  There  is,  further,  as  in  Reptiles  gener¬ 
ally,  an  intermixture  of  arterial  and  venous  blood  in  the  sub- 
vertebral  aorta,  which  is  formed  by  the  union  of  the  right  and 
left  aortse,  so  that  the  trunk  and  hind-limbs  are  supplied  with 

mixed  blood.  .  .  ,  •  • 

The  respiratory  organs  of  Reptiles  are  lungs,  to  which  air  s 

admitted  by  a  trachea,  dilated  superiorly  into  a  larynx,  and 
divided  inferiorly  into  bronchial  tubes.  The  lungs  are  usually 
capacious  sacs,  sometimes  nearly  as  simple  as  in  the  higher 
Amphibians,  but  usually  more  or  less  subdivided  by  internal 
septa.  In  the  Snakes  and  the  serpentiform  Lizards,  one  lung  is 
much  reduced  in  size,  or  may  be  quite  rudimentary.  In  such 
cases  the  principal  functional  lung  is  long  and  tubular,  and  its 
hinder  portion  is  only  an  undivided  membranous  sac,  which 
serves  as  a  reservoir  for  air. 

The  kidneys  are  paired,  and  are  situated  in  the  hinder  poi- 
tion  of  the’  abdominal  cavity,  their  ducts  opening  into  the 
“cloaca.”  A  urinary  bladder  is  present  in  Chelonians  and 
Lizards,  but  is  absent  in  Snakes  and  Crocodiles. 

The  brain  of  Reptiles  exhibits  a  decided  advance  upon  that 
of  Fishes  and  Amphibians,  the  cerebral  hemispheres  being 
proportionately  larger,  and  extending  backwards  over  the  optic 

thalami,  while  the  optic  lobes  are  relatively  reduced  in  size. 

Lastly,  the  sexes  in  Reptiles  are  distinct,  and  the  gent  >  at  n't 
.lands  are  paired.  The  vasa  deferentia  of  the  males  and  the 
oviducts  of  the  females  open  by  separate  apertures  into  the 
cloaca  The  oviducts  are  long,  sometimes  with  terminal 
“  uterine  ”  dilatations,  and  the  eggs  in  their  passage  through 
the  oviduct  acquire  a  membranous  or  calcareous  shelb  fer¬ 
tilisation  is  always  internal,  and  the  majority  of  the  Reptiles 
ire  strictly  oviparous,  a  few  forms  being  ovo-viviparous. 

The  Reptiles  have  representatives  in  almost  all  regions,  but 
the  Crocodihans  are  exclusively  confined  to  tiopical  countries. 
Most  of  the  existing  Reptiha  are  terrestrial,  but  the  ^ 
dilians  and  many  of  the  Chelonians  are  amphibious,  nhde  he 
Hydrophida  and  Turtles  are  essentially  aquatic.  No  existir g 

1 V  C  \  s' '  re  gar  d  s'  ^  t  hei  r  ^distrib  nt  ion  in  time,  the  earliest  certain  re- 


CHELONIA. 


613 

period “in^'p'5  are  f0Un<?  ,owards  llle  close  of  the  Palaeozoic 

,^e^:“rsema- 

S!S“bt"  eXiSti"S  Li2ardS-  T"e  Cl'el°"''™  m X 

neorst  undoubted  appearance  in  the  TnrnsciV  moize  .  1  n 

The(SnSesilifinSlfreH°Und  ^  the  Sti11  older  Triassic  deposits'2 

SwSE^SK*®* 


3- 

4- 

5- 


CHAPTER  LV. 

DIVISIONS  OF  REPTILES. 

Chelonia. 

1  he  class  Reptilia  is  divided  into  the  following  ten  orders  nf 
remaining  ^  ^s,  whilst ’the 

1.  Chelonia  (Tortoises  and  Turtles).  3 

2.  Ophidia  (Snakes).  f 

Lacertilia  ( Lizards).  Recent. 

Crocodilia  (Crocodiles  and  Alligators). 

_  Ichthyopterygia. 

6.  Sauropicrygia. 

7.  Anomodontia. 

8.  Pterosauria.  .-Extinct. 

9.  Deinosauria.  I 

1  o.  Thenodontia.  I 

tha?of  tLr/C/HEL°NIA'~The  firSt  0rder  of  livinS  Reptiles  is 
listing 

enclosed  71,  71  f  •*“  ^  »/  »“ 

</„  il'aplion  „?  Z  77 T,“'  donal  vtrUir*’ 

P  f  the  Jus/,  cue  immovably  connected  together , 
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and  arc  devoid  of  transverse  processes.  The  ribs  arc  greatly 
expanded  (fig.  369),  and  are  united  to  one  another  by  sutures , 
so  that  the  walls  of  the  thoracic  cavity  are  immovable.  All 
the  bones  of  the  skull  except  the  lower  jaw  and  the  hyoid  bone  are 
immovably  united  together.  There  are  no  teeth,  and  the  jaws  are 
encased  in  horn  so  as  to  form  a  kind  of  beak.  The  tongue  is 
thick  and  fleshy.  The  heart  is  three-chambered ,  the  ventricular 


Fig  -160.— Skeleton  and  carapace  of  the  Loggerhead  Turtle  ( Chelone  caouanna ), 
viewed  from  below,  the  plastron  being  removed. 

septum  being  imperfect.  There  is  a  large  urinary  bladder,  and 
the  anal  aperture  is  longitudinal  or  circular.  1  he  lungs  are 
voluminous,  and  respiration  is  by  swallowing  air,  as  in  the 

The  skull  of  the  Chelonians  consists  of  bones,  which,  with 
the  exception  of  the  mandible  and  hyoid,  are  immovably  joined 
to  one  another.  The  pieces  which  compose  each  ramus  ot 
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the  mandible  are  anchylosed  with  one  another,  and  the  two 
rami  are  similarly  anchylosed  in  front.  The  quadrate  bone  is 
immovably  fixed  to  the  skull,  and  is  joined  to  the  maxilla  bv 
the  quadrato-jugal  and  jugal  bones.  The  temporal  foss-e  ire 

onheT»rTeuT£"eVel)i  T-  °Vel'  by  wide  extensions 

!«SrAindeof  bgeaSk0f,heja'VSare  ,h“h‘d  “  ■»",  «■>*- 

The  thoracico-abdominal  case  within  which  the  bodv  of  a 

?man  1S  Cnd°Sed  <fi&  369)  consists  of  two  principal 
divisions,  a  superior  or  dorsal  piece,  of  a  more  or  less  con¬ 
vex  shape,  termed  the  “  carapace,”  and  an  inferior  or  ven- 

The  clu-apace  and  lda^ron°are  fi^ml^urdted^long  theirrad^es” 

£  *1 

of  <%S-  37°-  37,)  is  ComP-d 

(1.)  The  neural  spines  of  all  the  dorsal  vertebra  excent  the* 
first  and  last,  which  are  flattened  out  latenllJ 
seoes  of  median  plates,  firmly  united  ^  an0,£™bv 
ndented  sutures,  and  termed  the  “neural  plates”  (fio-  ,7I  J 
As  here  are  only  ten  dorsal  vertebra  and  as  the  fir  /’  \ 

pace’  ,tr  “•»  comply  of  tt'cara 

pace,  there  are  on  y  eight  “neural  >’  of  ■  ,, 

The  eight,,  neural  ^  is.  ho^r  'foM'"?, Sc  ' 

(2.)  ihe  above-mentioned  series  of  mpflian  ,,iotQ  • 
pleted  in  front  and  behind  by  unpdred fe,?' 
anterior  (fig.  370,  mi)  is  termed  the  “nuchal  plate”  while  t/L 
(fig.  "j"  ™  (sometimes  wanting)  is  called  the"  pygal  plate  ” 

EttSSi"  “i.°ed  S 

Cecily  with 
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there  is,  however,  anchylosed  a  broad  dermal  plate  of  bone, 
which  is  termed  a  “  costal  plate.”  These  costal  plates  are 
united  with  one  another  laterally  by  sutures,  and  become 
similarly  joined  at  their  inner  ends  with  the  neural  plates  (fig. 
371,/).  In  many  cases  the  costal  plates  are  not  as  long  as 
the ’ribs,  and  the  latter  are  too  narrow  towards  their  ends  to 
become  connected  with  one  another  laterally.  In  such  cases 
there  are  marginal  apertures  between  the  ribs  towards  then 


nu 


scrips  of  “neural  plates";  tf  The  expanded  ribs  or  <-'nstal  plates  ■  V 

first  “  marginal  plate  "  on  each  side  ;  nu  Nuchal  plate ,  /.>’  Pygal  1  •  ■ 

series  of  epidermal  plates,  or  “vertebral  scutes. 


extremities,  and  these  openings  are  simply  covered  by  the 

integuments  (figs-  3^9'  37°)-  .  ,  ,  .  •  .  i 

(a\  The  margin  of  the  carapace  is  completed  by  a  periphery 

series  of  bony  plates,  which  are  known  as  the  marginal  p  ates 
/ fig.  370,  37.,  m),  and  which  are  of  the  nature  ot  dermal  ossi¬ 
fications.  ‘  The  “  marginal  plates,”  twelve  in  number  on  eac  i 


CIIELONIA. 


6i7 


side,  as  a  rule,  are  suturally  joined  to  each  other,  as  also  to 
he  nuchal  plate  m  front  and  the  pygal  plate  behind  while 
they  are  connected  with  the  ribs  internally  ’ 

tenedeandlT  °r  venJalf  sl?ield  (%  37*)  is  more  or  less  flat¬ 
tened,  and  is  composed  of  nine  bony  pieces,  of  which  eight  are 


n 


!?,Pa'rs’ a.nd,tl’e  nl'n*  is  placed  anteriorly,  and  is  unnaireri 

'.only  plafesTSy  ,°f 

nrzfe;s  ts-sas  &«SLnn? 

“  neural  ”  plates  developed  from  he  vlebr^t?  fff  °f 

senes  of  “costal”  plates  on  each  si, {  \  lateral 
and  largely  formed  by  the  Is  d  ,  “^ponding  with 

“marginal”  plates  (see  fig.  3/0).  Sf,  tilariv^the  T®  ?f 
Plates  (fig.  37o)  are  arranged'  in  fr\  j  7’  the  ePldermic 
“  neural  ”  series  •  ,  ,  V)  a  median,  “vertebral,”  or 
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the  number  of  epidermic  plates  is  much  smaller  than  that  of 
the  bony  plates  beneath.  The  “  marginal  scutes,  on  the 
other  hand,  correspond  in  number  with  the  “marginal  plates 
beneath  them.  They  are,  therefore,  twenty-four  or  twenty-six 


(After  Owen.) 

in  number,  the  anterior  scute  in  the  middle  line  being  distin¬ 
guished  by  the  epithet  of  “  nuchal,”  while  the  corresponding 

scute  behind  is  termed  “  pygal.”  .  ,  , 

Both  pairs  of  limbs  are  present  in  the  Chelomans,  and  the 
pectoral  and  pelvic  arches  are  within  the  carapace,  to  which, 
to  begin  with,  they  are  external,  only  becoming  enclosed  in  the 
process  of  growth.  The  scapula  is  a  rod-like  bone,  the  upper 
end  of  which  is  connected  with  the  transverse  process  ot  the 
first  dorsal  vertebra.  Fused  with  the  scapula  is  a  precoracoid 
bone  (“acromion”),  which  is  connected  mferiorly  with  the 
unpaired  “  entoplastral  ”  plate  of  the  plastron.  1  lie  pectoral 
arch  is  completed  by  a  large  and  separate  coracoid  bone. 


The  Chelonians  are  divided  into  five  principal  families,  as  follows 
(i  )  Cheloniidce. — This  family  includes  the  true  1  urtles,  charactenset  y 
the  d  eoressed  and  flattened  form  of  the  carapace,  and  the  adaptation  of 
he  limbs  to  act  as  swimming  paddles.  The  digits  in  both  pans  of  limb 
are  undistinguishably  united  by  the  skin,  and  only  one  or  two,  or  none 
them  have  nails,  while  the  hind-limbs  are  direct ted ls>The  TUrtles 
of  the  body,  and  the  anterior  limbs  are  much  the  longest. 


known  species  are  the  “Edible”  ^  r  y  ,}  ,  ™.e,  sancl-  ihebest- 

Loggerhead  Turtle  (('/>  ■/,,,  >  Green  I  urtle  (Chelone  mi  if  as)  the 

.«/,?)“  andlh. Leath™ Sfrt£7S"“),-thc  *  urtle  (C.  L/J 

largely  imported  into  this  country  aTadodhl^'1'  ,lhe  Grc,en  Turlle  is 
varions  parts  of  the  Atlantic  and  Indian  OceaS’  “rh,0  Hawh’tbiU  Stk 


lg‘  373*  Hawk's- bill  Turtle  ( Chelone  imb, 


the  carapace^onstk^Te't^e '“^oTtoi^e-slid'l  ”  so^larg°in^  Plat6S  °f 

purposes.  The  Leathery  Turtle  is  remarkah  e  ®  ^  US-C  f°',’  ornamental 
covered  with  a  leathery  skin  in  place  of  t  i  l  having  the  carapace 
in  other  species.  *  L  lorny  plutes  which  are  found 

y^* )  Tnonycidce. —  I  he  so-callprl  Q„r±  t1  .  ■  ,, 

are  included  in  this  family  and  are  distinct, r  1°’ °lses  or  “Mud-turtles  ” 
ment  of  the  carapace  the  ribs  1  „  g s  lcd  h>'the  imperfect  develop- 

neartheirbases  only  Ind  its \mTef  fPf  6,d  ?”d  United  t0  °"e  another 
^in.  The  horny  jaws  are  Sr  Zhfi  C°VCred  with  a  leathery 

toed,  the  toes  bein-  we  e  l  'leshy  l,pS  ;  and  the  feet  are  five- 

th tTrionycidc  inbilfS* water  ancl  them  bearAing  *>«»«■  All 

Is  the  Soft-shelled  Turtle  (Ti-ionvr  /Va  \  camivoious.  A  good  example 
"hich  grows  to  a  length  of  over  i fom  ’*  °f  lle  S°Uthem  United  States, 

which  Svt^TaSal'covSed5  ^Tlyare  -mphibious  Chelonians, 
limbs  not  retract! iTSlTfhe  ?.picler^aI  shields,  and  the  head  and 

P  have  a  hooked  ami  SSk^/Z  haP 

p-  to  \*^TZZZTna)  of  the  Unil«’  **'«’  which 

torttisef”TSe7inh?his,fTerMapinS’’’  “  Pond  -  tortoises,  ”  and  “  River- 
m  marshes,  ponds,  and  stil/PeamP  TcPhlbl0us  in.,h®ir  habits>  and  live 
f-t  have  movable  toes  united  by  a  web. 
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vegetable  food.  The  Emydidcc  are  widely  distributed,  many  of  them  being 
found  in  North  America. 

(r  )  Test  iid ini  da. — The  “  Land-tortoises  have  a  strongly  convex  cara- 
pace,  beneath  which  the  head,  limbs,  and  tail  can  be  completely  retracted 
The  limbs  are  short,  with  the  digits  united  together  and  furnished  with 
hoof-like  nails.  The  Testudinidoe  are  terrestrial  in  their  habits  and  are  vege¬ 
table  feeders.  The  type-genus  is  Testudo,  the  species  of  which  are  most  y 
African  and  Asiatic,  though  forms  are  found  in  Southern  Europe  and 
North  America.  A  familiar  species  is  the  Testudo  graca,  which  inhabits 
the  countries  bordering  the  Mediterranean,  and  is  often  imported  into  this 
country.  Gigantic  Land -tortoises,  of  several  species,  are  found  in  the 
Galapagos  Islands.  Another  gigantic  species,  which  grows  to  four  feet  in 
length,  is  found  in  Aldabra  Island,  to  the  north-west  of  Madagascar  ;  and 
another  huge  species,  now  extinct,  inhabited  the  Mascarene  Islands. 


As  regards  their  distribution  in  time ,  the  earliest  unequivocal 
remains  of  Chelonians  are  found  in  the  Jurassic  rocks,  anc 
belong  to  the  marine  Turtles  (■ Chelomida ).  Terrapins  (A my- 
dida)  also  appear  in  the  Secondary  period.  In  the  Tertiary 
rocks  remains  of  all  the  leading  groups  of  Chelonians  are 
found,  the  true  Land-tortoises  being  now  represented  lor  the 
first  time.  A  gigantic  Chelonian — Colossochelys  atlas  which 
seems  to  have  attained  a  length  of  fifteen  or  eighteen  feet,  is 
found  in  the  Tertiary  deposits  of  India. 


CHAPTER  LVI. 


Ophidia. 

Order  II.  Ophidia.— The  second  order  of  Reptiles  is  that  ot 
the  Ophidia ,  comprising  the  Snakes  and  Serpents,  and  distin¬ 
guished  by  the  following  characteis  .  .  ,  .  ,  > 

The  body  is  always  more  or  less  elongated,  cylindrical ,  am 
worm-like',  and  whilst  possessing  a  covering  of  horny  scales  ,s 
always  unprovided  with  a  bony  exoskeleton.  The  dorsal  vertebra 
arc  'concave  in  front  {precocious),  with  rudimentary  transverse 
processes.  There  is  never  any  sternum,  nor  pectoral  arch,  nor 
fore-limbs,  nor  sacrum,  and  the  pelvic  arches  and  hind-limbs  <  < 
wanting,  or  are  only  present  in  a  rudimentary  condition^  lh 
rib v  are  numerous,  but  a  sternum  is  not  developed.  The  two 
rami  of  the  mandible  are  connected  in  front  by  ligaments  and 

muscles  only,  and  the  quadrate  is  *5 /*  .”*)*%** 

, nasal  bone  with  which  it  articulates.  Hooked  coni  al teeth  are 
Present  but  they  are  never  sunk  in  distinct  sockets  or  alv*°“- 
The  ventricle  of  the  heart  is  incompletely  divided ;  the  lungs  i 
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msthmunlj.  symmetrical,  one  king  rudimentary  or  re- 
due, dm  stocs  there  is  no  armory  bladder:  and  the  aperture  of 
the  cloaca  is  transverse.  y  i 

The  exoskeleton  of  the  Snakes  consists  of  epidermic  scales 
developed  upon  corresponding  areas  of  the  dermis. 


In  gen- 


*' lg'  374-— The  Rattlesnake  (1 Crotalus  liurissus). 


pamivlrikf  ,,SVerSelyf'?ngated  ^  or  •‘scuS.-  o/cora 

developed  in  "n  Slze’  ,a"?  ,Ltl4-  shields  or  scutes  are  often 
•‘mouI  »  o  hroToff  th  C  '^"t™  35  We"  <fig'  4S°>-  Snakes 
The  endXet  , 
is  very  long  and  is 

™r"etS  Ts  Tte  °f  'I’"  I'1?6  Pr'"°'’s>.  but  the  ntber  of 
centra  of  the  vertebra  are  pro" oiious,’ and  "the' S  arches 

-se  “^s^a^  Pr. 

vertebra  fexcenfttff  ^  “  **• 

&sJE£r&ttsi!£2ii 

the  abdorara/'e1'^1^1'6'  attjlalj^nb7a|lisuscu1^lrnconnecdonseto 
nient  the  d,f  1  P  m'C  s  ’,lelds'  If7  means  of  this  arrange- 

ground,  Jg»l~  4^n°  .^onSWSS  % 
movements  of  which  successively  raise  and  depress  Se  £ 
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dominal  scuta.  This  peculiar  mode  of  progression  is  facili¬ 
tated  by  the  extreme  mobility  of  the  whole  vertebral  column, 
conditioned  by  the  cup-and-ball  articulation  of  the  bodies  of 
the  vertebrae  with  one  another. 

The  skull  of  the  Snakes  is  well  ossified,  the  cranial  bones 
being  distinct.  The  mandible  is  complex,  and  is  united  to  a 
longhand  movable  quadrate  bone  (fig.  375,  qu),  which  is  in 


f-;e  ,,c  —Skull  of  a  Constricting  Serpent  {Python),  de  Dentary  portion  of  the  man¬ 
dible  •  ar  Articular  portion  of  the  mandible  ;  qu  Quadrate  bone  ;  sq  Squamosal  ;  fic 
Prootic  ;  ha  Parietal ;  /,>  Postfrontal  ;  Jr  Frontal ;  fr  Prefrontal :  na  Nasal ,  pmx 
Pra-maxilla;  mx  Maxilla;  tr  Transverse  bone;  pt  Pterygoid. 


turn  united  with  a  movable  squamosal  bone  (fig.  37  5,  sq).  The 
symphysis  of  the  mandible  is  loose,  the  two  rami  being  only 
united  by  elastic  ligaments,  and  thus  moving  independently. 
The  maxillce  are  sometimes  long,  with  numerous  teeth  (fig. 
'•75,  mx),  or  they  may  be  much  shortened,  and  may  carry  tew 
teeth,  or  but  a  single  tooth.  The  prtemaxillre  {pmx)  are 
usually  toothless,  but  they  are  dentigerous  in  the  Pythons. 
The  pterygoid  and  palatine  bones  carry  more  or  fewer  teeth, 
as  do  the  dentary  pieces  of  the  mandible.  All  the  teeth  are 
conical,  recurved,  and  anchylosed  with  the  bones  to  which 
they  are  attached,  being  suited  for  killing  or  holding  the  prey, 

and  not  for  mastication.  .  . 

Owing  to  the  above  peculiarities  in  the  structure  ot  the 
jaws  and  particularly  to  the  backward  position  of  the  movable 
quadrate  bones,  and  the  loose  mandibular  symphysis,  Snakes 
are  enabled  to  open  the  mouth  laterally,  as  well  as  vertically, 
and  to  swallow  comparatively  immense  morsels  entire.  More¬ 
over,  each  mandibular  ramus  has  the  power  of  independent 
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motion,  the  prey  being  drawn  into  the  gullet  bv  the  alter 

sr “ of  ,he — -  "Lis 

all  Snakef”™  ,ini^-  a'ld  arches  are  entirely  wanting  in 
wanting,  but  are  oj^'ally” fZntl  r?' S>  USUa"r 
«fatSIclnb“ShCe0”di,i0n’  ^fIy  ““‘wid  aWden“e  of  tS 

rnoTe  of  touch  (ff  ^  B>  Is  Probacy  an  organ 

j  •  ,  tclStC.  It  Consists  of  tWO  musculnr  rvlin 

ities *  UThedbifidandS  ^  baSeS’  bUt  free  towards  their  extrem- 
otgan,  tints  constituted,  can  be  protruded  and 


nerve  ;  d  Antocular  membrane,  formed  by  thelnidermm10"  p-  dlscjlarged  ' b  Optic 
ing  theeye.  B,  Head  of  the  common  Viper  (PrttsZl '  ?lnf  of^aleS  surround- 
nnd  the  poison-fangs  in  the  upper  jaw.  (After  Bell.)  ’  showinS the  bifid  tongue, 

retracted  at  will,  being  in  constant  vibration  when  protruded 

pecuhamy  hes  in  the  manner  in  whiclUtfs  protected  exKr 
stare'of  aii  smakes.  ^In^place  Mf**  ^ 

X*h:r:  ,of  sra,f 

is  reflected  forward?  from  t  7  of.the  conjunctiva,  which 
the  eve  i  self  In  conJunct™  covering  the  ball  of 

between  hftwo  lavers ol  c  clumb“  «  formed 

secretion,  by  wSfch  Xe  eyfis  Sen^  •  ""b  1?Chrymal 

Sf  SZ  eytfhr’fro  T"  (amr lar  ’rte'w  ’raneb  covering1  the 
y  f  ont’  Ls  periodically  shed  with  the  rest  of  the 
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epidermis,  the  animal  being  rendered  thereby  temporarily 

blind.  .  .  , 

The  alimentary  canal  of  the  Snakes  is  long,  in  correspondence 

with  the  elongated  form  of  the  body,  and  the  transversely- 
folded  intestine  opens  into  the  cloaca,  the  aperture  ot  which 
is  transverse. 

The  lungs  are  unsymmetrical,  long  and  tubular.  I  he  left 
lung  is  in  general  rudimentary  or  absent,  and  the  right  lung  ter¬ 
minates  posteriorly  in  a  smooth  membranous  sac  or  aii-resei  von. 

Snakes  are  for  the  most  part  oviparous,  laying  soft  ovate 
eo-crg  which  are  in  general  hatched  by  the  heat  ot  the  sun. 
The  Sea-snakes  and  Vipers  are,  however,  ovo-viviparous,  the 


e°-o-s  being;  hatched  within  the  oviducts  and  the  young  expelled 


The  Snakes  are  almost  universally  distributed,  but  they  are 
much  more  abundant  in  hot  regions  than  in  cold,  and  no  tot  ms 
of  the  order  occur  within  the  Arctic  circle.  All  the  large 
Snakes  are  inhabitants  of  tropical  regions.  _  The  Snakes  ot 
cold  and  temperate  regions  pass  the  winter  in  a  state  ot  tor¬ 
pidity.  They  are  all  carnivorous,  living  on  animals  or  on  the 
eggs  of  birds,  and  only  feeding  at  prolonged  intervals. 

°  As  regards  their  distribution  in  time ,  the  earliest  known  re¬ 
mains  of  Ophidians  are  from  the  Eocene  Tertiary,  and  indicate 
the  existence  of  large  constricting  Serpents  (Palaophts  and 
Dinophis).  In  some  of  the  later  Tertiary  deposits  the  fangs 
of  venomous  Snakes  have  been  found.  Upon  the  whole, 
however,  the  Ophidians  would  appear  to  be  a  comparatively 


modern  group. 


About  a  thousand  species  of  Snakes  are  known,  ot  which 
perhaps  a  third  are  poisonous.  The  order  Ophidia  may  be 
divided  into  the  following  sub-orders:—  .  ,  .  . 

Sup-order  I.  Solenoglypha.— This  sub-order  includes  the 
Viperine  and  Crotaline  Snakes  (Vipers,  Rattlesnakes,  ike.), 
characterised  by  their  broad,  flattened,  triangular  heads,  and  n 
the  nature  of  their  dentition.  The  maxilla  is  m  these  Snakes 
much  shortened,  and  often  hollowed  out,  and  it  carries  a  single 
laree  fang,  behind  which  small  solid  teeth  are  not  developed 
/fa  ,77  mx).  Not  only  is  the  maxilla  very  short,  but  it  is 
capable  of  free  movement  upon  the  rounded  anterior  end  o 
the  prefrontal  (lachrymal)  bone,  and  the  maxilla  can  be  e  ■ 
vated  or  depressed  by  the  peculiar  arrangement  ot  tne  other 
bones  of  the  mouth.  Thus,  articulated  with  the  hinder  aspec, 
of  the  maxilla  is  a  long  slender  bone  (the  “  transverse  bone 
or  “ectopterygoid”  of  Owen,  fig.  377,  H  whldl  U/‘ !  " 

connected  behind  with  the  long  pterygoid  bone.  1 


1 
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(%•  377>/^)  is  connected  directly  with  the  front  firp  of 
quadrate  bone  When,  therefore,  t  e  nVout  t  fs opeUd 
he  depress101,  of  the  mandible  pushes  the  quadrate  fTv"rd 
and  tins  m  turn  pushes  the  long  rod  formed  by  the  p  e™goid 


pnix 


ptg*  377*  Skull  of  a  Rattlesnake  -  v  •  \ 

portion  of  the  mandible  ;  ay  Articuk/portYon'Tf’th" ,?  0ne  side  :  de  Dentary 
S  Squamosal  ;  p0  Postfrontal;  ^Prefrontal ?f mandtble  ;  Quadrate  bone^ 
Maxilla,  carrying  the  poison-fang  •  ^7  Palatine  ^  1  P'V  Praimaxilla  ;  mx 
represented  by  the  dotted  line  af  'if' seen ilro,’Jb,h  ®nd  °f  the  bone  beinS 
1  ransverse  bone;  bo  liasioccipital.  (After  Hux^)  maX1‘la  ;  pt  Pteryg°id  ;  tr 


mx 


ar 


and6  el e  vatin^the* fang  rotate  upon 

when  the  mouth  is  closed,  the  reverse*  of  This  HkT ^  ^ 
that  the  fang  comes  to  lie  nearly  horizontally  alonrl th?  aC' i\S° 
m  which  position  it  is  hidden5 between  folds  of ^ 
membrane  of  the  mouth.  0t  the  mucous 

upon  itselTasTo  Jivf  ri^e'tol  d'0”8  C°nical  t00th’  50  inrolIed 
^pect.  In  the  present  group  "of  fn akes  ^  ante|'ior 

oTit^boundin^Ian^inK^and  the*  tu dle  t'^ion' behind 

be  regarded  as a ,  poison-gland  (fig.  37S,  a),  which  may 
ated  and  "  SitU 

viscid  fluid  which  i«  the*  «  *  '  V,  Srg  anc  secretes  the  clear 
and  it  is  covert  t  ,  of  the  Poisonous  Snakes 

the  animaTbft  '  >  ,  ,h-e  muscl“  °f  the  cheeks.  When 

annual  biles,  the  contraction  of  this  muscle  forces  some  of 

2  R 
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the  poison  out  of  the  gland  into  the  duct  of  the  fang,  whence 
it  penetrates  the  wound  through  the  opening  in  the  tip  of  the 
latter. 

Behind  the  poison-fang  in  the  Solenoglypha  are  situated  one 


or  more  “reserve-fangs”  destined  to  take  the  place  ot  the 
functional  fang  if  the  latter  should  be  broken  oft ;  but  the  max¬ 
illa  carries  no  other  proper  teeth  except  the  fang.  I  he  pala¬ 
tine  and  pterygoid  bones  are,  however,  provided  with  small 
hooked  teeth  (fig.  377). 


The  Solenoglypha  are  divided  into  the  two  families  of  the  Viperida  and 

1  )  Viperidic — This  family  includes  the  true  V  ipers,  which  are  destitute 
of  a  pit  between  the  eye  and  nose,  and  have  the  head  covered  with  small 
scales  (fig.  380,  C).  They  are  viviparous  (hence  the  name  ’  Viper  ),  and 
the  young  Snake  is  furnished  with  a  temporary  premaxillary  tooth,  for  the 
purpose  of  liberating  itself  from  the  egg.  The  Vipers  are  confined  to  the 
Old  World,  and  are  characteristic  of  the  Palearctic  and  African  pro\inces. 
The  only  British  species  is  the  common  Viper  or  Adder  (deltas  herns), 
which  ranges  over  all  Europe  and  northern  Asia.  Several  V  ipers  occui 
in  Africa,  well-known  species  being  the  Horned  Y  iper  ( Cerastes  tegyptiai  its) 
of  Egypt  and  the  Puff-adder  {Clot ho  arietans)  of  South  Africa.  1  wo  mem¬ 
bers  of  the  Viperida  occur  in  India,  of  which  one  the  1  ic-1  olonga 
or  “  Daboia  ”  ( Vipera  Russcllii)— is  widely  distributed  and  very  deadly. 
No  member  of  the  family  is  found  in  either  North  or  South  America. 

(2  )  Crotalidee. — This  family  includes  the  Rattlesnakes  {Crotalus)  and  a 
number  of  allied  forms  which  are  often  called  “  Pit-vipers,  as  the  hollow- 
in-  out  of  the  maxilla  gives  rise  to  a  deep  pit  between  the  nose  and  the 
eve  The  head  may  be  covered  with  small  scales  only,  or  scutes  may  be 
present  as  well.  The  type-genus  Crotalus  includes  the  true  Rattlesnakes, 
in  which  the  extremity  of  the  tail  is  furnished  with  a  ‘  rattle,  formed  of  a 
series  of  horny  epidermic  cells  of  an  undulated  pyramidal  shape,  articulated 
loosely  one  within  the  other,  before  striking  its  prey  the  Rutland 
throws  itself  into  a  coil  anti  shales  its  rattle,  as  it  does  a!so  when  alamied. 
Th,.  species  of  Crotalus  are  exclusively  confined  to  the  New  \\orld,  th 
common  North  American  species  being  C.  durissus,  while  Crotalus  horndus 


1: 


1  1 


1 


I  ! 


OPHIDIA. 


627 


>  species  of  Trime- 


able  „7rctfo,f’  f  J“,  gr°°"Cd  in  fr°nt  ”d  ■*  "ot  c^> 

solid  conical  teeth  'ti!'  1  “  S™0'’611  fangs  are  one  or  more 
T"’°  families  are  included  ii^uleS*''  ^  ^  ShieMS' 


Sssitssr  riL  t,nIJa7'  iN'w  "■»'*■  »"0>« 

deadly  of  all  Snakes  one  of  ih  .  ,,y  includes  some  of  the  most 

rWM  UMirag  2Lfe*ynfV7»  bf>s  d.e  “Cobra"  o, 
1S  the  Naja  haje  (fie.  ^70)  of  Eirvnt  r  n  n<  Ia#  A  closely  allied  species 

aWe  into  a  hood  the  anterior  rih<^  '•  n  ,  lc'  Senus  BTaja  the  neck  is  dilat- 
and  depression.  ’  The  genus  Bun e  PnSat(:d  aiu*  capable  of  elevation 
B.  car, ileus)  of  India,  if  nearly  nllifd  to VS lhe  ceadly  “Kerait  ” 
Another  well-known  form  is  the  great  ‘d  ™  ,  l1^  neck  is/iot  dilatable. 

“•  >*•  '"d™  Amhipeligo,  rtitgL  i 
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length,  and  is  arboreal  in  its  habits.  "I  he  family  is  represented  in  Aorth 
and  South  America  by  the  beautifully-marked  Coral-snakes  and  1  Iarlequin 
Snakes  ( Elaps ).  Lastly,  many  genera  occur  in  Australia  (Acanthophis, 

Hoplocephalus,  &c.)  . 

(2.)  Hydrophida. — The  “Sea-snakes”  have  small  poison-fangs,  with 
open  grooves.  The  tail  is  vertically  flattened  and  compressed,  being  thus 
adapted  for  swimming,  and  the  nostrils  are  placed  on  the  top  of  the  head. 
The  Hydrophidiz  are  essentially  aquatic,  living  in  the  sea  in  droves,  and 
feeding  on  fishes.  They  are  viviparous,  and  are  all  very  poisonous.  They 
are  found  in  the  Pacific,  Indian,  and  Australian  Oceans. 

Sub-order  3.  Opisthoglypha. — In  this  sub-order  the  max¬ 
illae  are  long,  and  have  several  long  grooved  fangs  behind ,  with 
smaller  solid  teeth  in  front.  The  head  is  covered  with  large 
shields.  It  is  uncertain  whether  or  not  they  are  poisonous. 
The  best-known  family  of  these  “suspected”  Snakes  is  that 
of  the  Whip-snakes  (. Dryophida ),  which  inhabit  trees,  and  are 
found  in  the  tropics  generally,  as  also  are  the  allied  forms  in¬ 
cluded  in  the  Dipsadidce  (Nocturnal  Tree-snakes). 


Sub-order  4.  Aglyphodonta. — The  members  of  this  sub¬ 
order  are  all  non-poisonous,  and  are  characterised  by  tie 
possession  of  long  maxi  Ike  which  carry  no  grooved  fangs,  but 

have  numerous  solid  conical  teeth  (fig.  375)-  1  he  .  .<■ 

covered  with  large  shields.  The  principal  families  in  this 

section  are  the  Colubrida  and  the  Perepoda. 
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bre“  ,W0““  hundred 
The  head  is  in  all  cov^  a  l,mJersa]  distribution, 

slightly  wider  than  the  neck  Web  knn ^  and  is  only 

Ringed  Snake  {TropidoZus w£  and  the  £?25.  ™  lhe 

lavis).  A  common  North  American  sncni  •  ,^na^e  (Lorone/la 

ion  constrictor).  ‘can  species  is  the  Black  Snake  [Has can- 

>h  z  7  principal  sub-families  of 

stridors,  Pythons,  Anacinda  ,  and  R^kSkes  ^hX'1’’  “ 

are  of  gigantic  size,  and  possess  prehenSe  tails  P?thons 

present  in  a  rudimentary  condition  „  1  '!  7  the  hlnd-limbs  being 

the  anus.  They  'are  called" « oStric^ ^  near 
their  prey  they  coil  themselves  round  if  ?  b  pents>  because  after  seizing 
which  they  gradually  reduce  their  victim  to llmie,r°US,  foldf’  bT  tightening 
swallowed.  The  true  Boas  (Boa)  and  the  tnirlT  fr  bolus,  fit  to  be 
hned  to  tropical  America.  The  Pvthons  differ  ™das ^u”ectes)  are  con- 
prsemaxillary  teeth,  and  are  natives  of  the  Old  W  Boas'  'n  having 

the  tropics.  Ule  °ld  U  orld,  all  being  confined  to 

Sub-order  5.  Angiostomata. — This  sub  order  ™ 

tropical  countries  in  both'  the  %  f  mos^y  Inhabitants  of 
phL,  and  common.”  butw  fn  fhe *^£d  "«*“  ^ 
Earth-worms  in  appearance  The  d’  being  not  unllke 

and  in  some  cases'  (S/L)  teeth  b>'  t,,e  ski”' 

upper  or  the  lower  jaw  W  are  wanting  m  either  the 


CHAPTER  LVII. 

lacertilia  AND  CROCODILIA. 

S* order  ?f *****  »  ft- 

■nonly  known  as  oge.tr  with”™  *hfch  -»$■" 

animals,  such  as  the  Blind-worms  The  /  ?"*/ •  ?erPenJ.f°rm 
gtnshed  by  the  following  characters  •—  Laceritha  are  distin- 

-£*z  it.,??? imi°r 
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limbs  may  be.  An  exoskeleton ,  in  the  form  of  horny  scales  like 
those  of  the  Snakes ,  is  almost  always  present.  The  vertebra  of 
the  dorsal  region  are  procalous  or  concave  in  front,  rarely  aniphi- 
ccelous  or  concave  at  both  ends.  The  teeth  are  not  lodged  in  dis¬ 
tinct  sockets  ( some  extinct  forms  constituting  an  exception  to  this 
statement).  The  heart  consists  of  two  auricles  and  a  ventricle, 
the  latter  partially  divided  by  an  incomplete  partition.  There  is 
a  urinary  bladder,  and  the  aperture  of  the  cloaca  is  transverse. 


The  skin  of  the  Lacertilians  is  occasionally  naked  (Am- 
phisbana  and  Chamaleo),  but  there  is  generally  an  exoskeleton 
in  the  form  of  horny  overlapping  scales,  sometimes  underlaid 
by  bony  plates. 

The  vertebral  column  is  usually  composed  of  many  vertebra.', 
and  there  is  generally  a  long  caudal  region.  1  he  centra  oi 
the  vertebrae  are  mostly  procoelous,  but  are  amphiccelous  in 
the  living  Geckos  and  Sphenodon,  and  in  some  extinct  types. 
The  transverse  processes  of  the  vertebrae  are  short,  and  those 
forms  which  possess  hind  limbs  have  also  a  sacrum,  usually  of 
two  vertebrae.  The  ribs  are  furnished  with  undivided  heads, 
and  a  sternum  is  developed  in  all  except  the  Amphisbana. 

In  the  skull,  the  quadrate  bone  is  in  general  more  or  less 
movable:  but  the  rami  of  the  mandible  are  firmly  united  in 
front,  and  the  Lizards  have  the  gape  far  more  restricted  than 
is  the  case  with  the  Ophidians.  Generally  the  parietal  bone 
on  each  side  is  connected  with  the  pterygoid  by  a  bony  rod, 
known  as  the  “columella.” 
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Teeth  are  present  m  all  living  Lizards,  but  are  only  im- 
planted  in  sockets  in  some  extinct  types.  In  recent  forms  the 
eeth  are  anchylosed  with  the  bones  from  which  they  spring 
being  either  fixed  by  their  sides  to  the  inner  wall  of  the  alve¬ 
olar  border  of  the  jaw  (“pleurodont  ”  dentition),  as  in  the 
Iguanas  (fig.  382),  or  being  attached  by  their  bases  to  the 


Fig.  382. — Inner  view 


of  the  mandibular  ramus  of 
dentition. 


Iguana,  showing  the  “pleurodont” 


summit  of  this  border  (“  acrodont  ”  dentition).  In  the  extinct 
P>  oterosauna  the  teeth  are  in  distinct  sockets  (“  thecodont  ” 
entition).  J  he  teeth  are  always  simple,  but  vary  much  in 
form,  being  sometimes  sharp  and  conical  (Monitor),  sometimes 
b  ade-hke  with  serrated  edges  (Iguana),  sometimes  with  rounded 
crushing  crowns  ( Cy  clod  us).  The  teeth  may  be  carried  upon 
the  praemaxillae,  maxillae,  mandible,  and  pterygoid  bones  but 
mostly  not  upon  the  palatine  bones.  ones,  but 

The  condition  of  the  limbs  is  extremely  variable.  Most  of 
e  Lacertihans  possess  both  pairs  of  limbs,  and  would  there- 
ore  come  under  the  popular  designation  of  “Lizards”  In 
some  (Curates)  there  are  no  hind-limbs;  in  Bipes  only  the 
hind-hmbs  are  present,  and  these  are  rudimentary;  while  in 
others  (A, ignis  Amp/usbccna ,  Ac.)  limbs  are  wholly  wanting 
and  the  animal  becomes  completely  serpentiform  in  appearance’ 
In  all  cases,  however,  whatever  the  condition  of  the  limbs  may 

fhn,  T  rAXI?  b?  °'v  the  surface  the  Pectoral  and  pelvic  arches3 
though  the  development  of  these  may  be  very  imperfect. 

in  itsesfmcturef  exblblts  three  Principal  modifications 

mitsstructure.  In  one  division,  including  the  majority  of 

Lacertilians,  the  tongue  is  like  that  of  Serpents  in  bem-  long 

protrusible,  and  forked  (Fissilinguia  or  Leptoglossa)  °  I n  °a 

second  group  ( Crassilmguia  or  Pachyglossa )  '  '  ‘ 


r.  ,  0  ,  f  v 1  ucnygiossa ),  includino-  the 

S?3  anrd  IguanaS’  the  tonSue  !s  thick,  fleshy,  and  not*  pro- 
si  J  e.  In  the  so-called  Brevilmguia  the  tongue  is  short 
hardly  protrusible,  and  often  indented  in  front  Lastly  in  a 

whTch  fhe?  {Ven>nll^uia)  a,re  h’aced  the  Cluimmleons,  in 

tr  v  in  °ngUe,  !S  and  womvllke>  with  a  clubbed  ex- 
.n„.  }’  and.  capable  of  free  protrusion.  Salivary  glands  are 
anting  in  the  Lizards,  as  are  poison-glands.  The  only  excep- 
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tion  to  this  statement  is  afforded  by  the  Hcloderma  suspectum 
of  Arizona  and  Mexico,  which  is  capable  of  inflicting  a  poison¬ 
ous  bite  by  means  of  poison-glands  which  are  situated  within 
the  angle  of  the  lower  jaw,  and  are  connected  with  grooved 
deciduous  teeth. 

Lastly,  the  Lizards  differ  from  the  Snakes  in  generally  pos¬ 
sessing  movable  eyelids.  In  the  Chameleons,  however,  the 
eyelids  become  united  and  are  pierced  by  a  central  aperture, 
while  in  Amphisbcena  and  Gecko  eyelids  are  wanting. 

About  a  thousand  species  of  living  Lacertilians  are  known, 
with  a  very  wide  distribution,  but  being  most  abundant  in 
warm  regions.  The  majority  of  Lizards  are  carnivorous,  living 
upon  insects  and  other  small  Invertebrates,  but  some  forms 
are  largely  or  exclusively  vegetable-feeders. 

As  regards  their  distribution  in  time ,  the  earliest  known  remains 
of  Lacertilians  occur  in  the  Permian  rocks,  where  the  aberrant 
genus  Proterosaurus  is  found.  In  the  Trias  various  Lacertilian 
types  appear  ( Tclerpeton ,  Hyperodapedon ,  &c.).  In  the  succeed¬ 
ing  period  of  the  Jurassic  occur  the  remains  of  small  Lizards 
(. Nuthetes ,  Saurillus,  &c.),  which  seem  to  differ  little  from  the 
typical  Lacertidce.  Peculiar  to  the  Cretaceous  series  is  the 
remarkable  extinct  group  of  the  “  Mosasauroids,”  which  will 
be  briefly  spoken  of  hereafter.  Lastly,  the  Tertiary  rocks  have 
yielded  the  remains  of  numerous  Lizards,  but  these  present  no 
features  demanding  special  notice  here. 

The  Lacertilia  may  be  briefly  considered  under  the  following 
sub-orders  : — 

Sub-order  I.  Brevilinguia. — The  Lizards  included  in  this 
section  have  a  short  fleshy  tongue,  which  is  generally  indented 
at  its  free  end,  but  is  only  slightly  or  not  at  all  protrusible. 
The  three  families  of  the  Amphisbcenidee ,  Chalcididce ,  and  Scin- 
cidee  are  placed  here. 


Ill  the  Amphisbcenidee  the  body  is  serpen tiform,  and  there  are  either  no 
limbs  at  all,  or  short  fore-limbs  are  present  ( Chiroles ).  There  are  no 
scales,  but  the  skin  is  marked  by  close-set,  transverse  and  longitudinal 
furrows,  which  give  it  a  tesselated  appearance.  The  eyes  are  minute,  and 
are  covered  by  the  skin.  The  body  in  Amphisbcena  is  worm-like,  with  a 
short  tail,  and  having  the  vent  placed  very  far  back.  The  species  ol 
this  genus  inhabit  the  countries  round  the  Mediterranean  and  South 
America.  Chirotes  is  Mexican. 

In  the  family  of  the  Chalcididce  (or  Zonttridce),  the  body  is  generally 
more  or  less  snake-like,  but  the  condition  of  the  limbs  varies.  The 
scales  are  mostly  rectangular,  arranged  in  transverse  bands,  and  not  over¬ 
lapping.  Often  there  is  a  longitudinal  fold  of  skin  on  each  side  of  the 
body.  Some  genera  ( Chalcides ,  Zonurus,  Sec. )  have  both  pairs  of  limbs. 
In  the  Scheltopusiks  ( Pseudopus )  of  eastern  Europe  and  Asia,  rudimentary 
hind-limbs  arc  present,  but  there  are  no  fore-limbs.  Lastly,  in  the  Glass- 
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°f  t,1C  S°Uthern  United  States,  limbs  are  altogether 

trilmted  fSy  oftthehaLan^0f  ^  precedinS  »  the  large  and  widely  dis- 
some  of  which  are  com  edy  sSTklf  LaCertilians- 

immmm m 

one  anoiher  like  the  rales  oHishcs  S  ilsT  h // “"V  ■”  Sca1ie!i  °™'laPPins 
symmetrical  plates.  The  to„6„,  IsYree,  (tafeS 


thanf the6 Bnnd-worn/oi^Slowlworm^/lwierikV'8  ^?re  fami*iar*y  known 
fotintl  over  almost  the  whole  of  Europe  In  raemVl  3831’  "h“ih  is 

='  i  srrSf  £ 

sbmbb: 

fer  iirspir-,,":!  "!f!^Vrf  r1 1  Sf‘T-7 

stiffens  its  muscles  to  such  an  extent  that  the  Mil  1  alaniled  H 

as  if  it  were  brittle.  1  can  be  readlly  broken  off, 

Numerous  other  small  Lizards  are  referable  to  ,i,„  0  ■  • ,  , 

°nly  necessary  to  mention  the  Sl-inK  ih  '  1  /V  .  Sci/tctdcc,  but  it  is 
Pairs  of  limbsare  present in  a  we  llSve,  ,  f  in  which  both 

■n  almost  all  the  warmed  parts  of  t'heOlTw  S,V'nk?  are  *>«nd 

(such  as  the  West  Indian  “Galliwasn”!  'J.d>  and  closely-allied  forms 
The  common  Skink  (fig.  js„  is  a  na'til-e 
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a  length  of  eight  or  nine  inches,  and  was  formerly  used  in  various  diseases 
as  a  remedy. 


Sub -ORDER  II.  Fissilinguia.  —  This  section  comprises 
the  families  of  the  Lacertida ,  Ameividce ,  and  Varanidtz,  m  all 
of  which  the  tongue  is  long,  slender,  forked,  and  freely 
protrusible. 


In  the  family  of  the  Lac ert idee  are  included  the  most  typical  of  the 
Lizards,  all  of  which  have  a  long  tail,  with  four  well-developed  limb, 
each  terminated  by  free  toes  of  unequal  lengths.  The  head  is  covered 
with  shields,  as  is  the  abdomen,  those  of  the  latter  region  being  rhomboida  , 
and  arranged  in  transverse  rows.  The  Lacertidct  are  mostly  confined  to 
the  Palsearctic  region,  and  are  not  represented  in  America.  British  species 
are  the  Sand-lizard  {Lacerta  agilis )  and  the  Viviparous  Lizard  (Zootoca 
vivipara).  The  Green  Lizard  {Lacerta  vindis )  of  the  continent  of  huiope 
likewise  occurs  in  Jersey. 

Very  similar  in  most  respects  to  the  preceding,  and  representing  these 
in  the  New  World,  is  the  family  of  the  Ameividce  or“  Teguexm  Forms 
belonging  to  this  family  range  from  Patagonia  to  the  United  States,  some 

of  them  attaining  a  length  of  three  or  four  feet.  Monitors 

Very  closely  allied  to  the  true  Lizards  are  the  l  aramdec  or  Monitors, 
which  are  indeed  chiefly  separated  by  the  comparatively  trivial  fact  that 
the  abdomen  and  head  are  covered  with  small  non-imbricating  scales,  and 
not  with  large  “scuta.”  The  dentition  is  pleurodont.  The  tail  bas  a 
double  row  of  carinated  scales,  and  is  cylindrical  m  the  ter  1  e>ti  ra  or  n  s 
and  compressed  in  those  whose  habits  are  aquatic  The  Monitor,  a  e 
exclusively  found  in  the  Old  World  (Asia  Africa,  and  AusUaha)  and  are 
the  largest  of  all  the  recent  Lacertiha ;  the  Varanus  of  Egypt 

attaining  a  length  of  six  feet,  and  the  Hydrosaurus  salvator  of  the  Last 
Indian  Archipelago  attaining  to  as  much  as  eight  feet. 


Sub -ORDER  III.  Proterosauria.  —  This  sub-order  in¬ 
cludes  only  the  extinct  genus  Proterosaurus ,  which  is  the 
oldest  type  of  the  Lacertilians  at  present  known,  its  remains 
occurring  in  rocks  of  Permian  age.  The  special  peculiarity  of 
this  genus,  by  which  it  is  distinguished  from  all  existing  types, 
is  that  the  teeth  are  implanted  in  distinct  sockets.  1  he  vei- 
tebrce  are  slightly  cupped  at  both  ends,  and  the  neural  spines 
are  bifid.  The  species  of  Proterosaurus  attained  a  length  ot 

four  feet  or  more.  .  ,  ,  .  , 

Sub-order  IV.  Mosasauria.— The  singular  reptiles  which 

are  included  in  this  section  are  all  extinct,  and  are  confined  to 
the  Cretaceous  period,  some  forms  attaining  a  gigantic  size.  1  he 
teeth  in  thl  griup  are  conical  and  curved,  and  are  anchylosed 
with  the  jaw,  instead  of  being  implanted  m  e list. met  sockets; 
Both  the  fore  and  hind  limbs  are  present,  and  have  the 
of  swimming-paddles  (fig.  384),  being  much  shortened  and 
having  the  digits  distinct,  though  doubtless  enclosed  11  t 
integument.  In  some  forms  the  skin  seems  to  Jiave^been 
provided  with  bony  scutes.  The  type-genus  is  Mosasautus. 


Li 


PI 


■ 
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Sub-°rder  V.  Crassilinguia.  This  sub-order  comprises 
the  three  families  of  the  Geckos  ( Geckotidte ),  the  Lianas 
(  giiamdce),  and  the  Agamida ,  characterised  by  their  thick 
fleshy,  non- protrusible  tongue,  c^, 

the  point  of  which  is  rounded, 
or  but  slightly  indented. 

The  Geckotida  ( Asccilabotce )  form  a 
huge  family  of  Lizards,  comprising  a 
great  number  of  species,  occurring  in 
almost  all  parts  of  the  world  between 
and  near  the  tropics.  The  tongue  is 
wide,  Hat,  scarcely  notched  at  its  free 
extremity,  and  hardly  at  all  protru¬ 
sible.  The  eyes  are  large,  without 
proper  eyelids,  the  pupil  mostly  verti¬ 
cal  and  linear,  but  sometimes  circular, 
the  vertebrae  are  amphicoelous.  The 
teeth  are  numerous,  small,  compressed 
and  implanted  on  the  inner  edge  of 
the  jaw.  The  nails  (when  present) 
are  mostly  hooked  and  retractile,  and 
the  toes  are  furnished  below  with  im¬ 
bricated  plates  or  with  adhesive  discs 
3S5).  The  animal  is  generally 
capable  of  running  on  the  smoothest 
surfaces,  or  of  suspending  itself  back 
own  wards.  They  feed  on  insects,  and 
are  found  in  abundance  in  the  warmer 
parts  of  both  the  Old  and  New  Worlds. 

the  Iguanida  constitute  another 
large  family  of  Lizards,  belonging  (if 
the  Agamidce '  be  excluded)  almost  en- 
ttrely  to  the  New  World.  The  tongue 
;s  thick,  fleshy,  notched  at  its  extrem- 
ity  only,  and  not  protrusible.  The 

food.  The  Bisks  r  Y  \T  g  ,aPl3ea,'ance-  is  highly  esteemed  as 
* »s,,„ * . - 

P-,  allTi‘=‘i”  f- "r"'°  *n?r  r- 

^"OofU,ejawJ(-acLli!,t”de„'S„,l)re  0,1  the  ed««  of  >h' 

Old  ye  distributed  over  nearly  the  whole  of  the 

vortd  (principally  Asia,  Africa,  and  Australia),  and  are  either  arboreal 


I'lg.  384-— Right  anterior  paddle  of  Les- 
tosaurns  sunns,  one -twelfth  of  the 
natural  size.  (After  Marsh.)  a  Scap¬ 
ula  ;  b  Coracoid  ;  c  Humerus  ;  ,i  Ra- 
clius ;  c  Ulna. 
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or  terrestrial  in  habit.  Oood  examples  are  the  Stcllio  vulgcu  is  of  the 
Levant,  th eAgama  muricata  of  Australia,  and  the  hideous  Moloch  horridtis 
of  the  same  country.  Here  also  belongs  the  curious  little  F rill  Lizard 
( Chlamydos aunts)  of  Australia,  which  has  the  neck  furnished  on  each  side 


Fig.  385.— Head  of  Gecko  stentor.  (After  Gunther.) 


with  a  membranous  plaited  frill,  which  can  be  erected  at  will.  More  remark¬ 
able  than  the  above  are  the  little  Flying  Dragons  {Draco)  of  the  Last  Indies 
and  Indian  Archipelago.  In  these  singular  little  Lizards  there  is  a  broad 
membranous  expansion  on  each  side,  formed  by  a  fold  of  the  integument, 
supported  upon  the  five  or  six  posterior  or  false  ribs,  which  run  straight 
out  from  the  spinal  column  (fig.  386).  By  means  of  these  lateral  expan- 


Fig.  386. — The  “  Flying  Dragon  ”  ( Draco  volitans),  viewed  from  above, 
of  the  natural  size. 


sions  of  the  skin,  the  Draco  can  take  long  Hying  leaps  from  tree  to  tree, 
and  can  pursue  the  insects  011  which  it  feeds;  but  the  lateral  memb  . 
simply  act  as  parachutes,  and  there  is  no  power  of  true  flight,  piopei  y  • 
called. 
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c-BTDrER  "I1'  fVERMiLiNGuiA.-This  sub-order  comprises 
e  single  family  of  the  Chamceleontidce ,  with  the  single  lenus 
Cha"f^  and  is  characterised  by  the  possession  offi 
vermiform  tongue,  which  is  club-shaped  in  front,  and  can  be 
protruded  to  a  great  length.  The  eye  is  covered  (fig.  387  by 
a  single  circular  lid,  perforated  centrally  by  a  small  pupil 


prSLd  and^he  sk£  S  'S  ^  and  P^hensite,  the  body  corn- 
life  and  scansorial  a  I;15''60"'  1  he  toes  aie  adaPted  **  arboreal 

opposable  sets  vSf’  belnS  ^  arranged  as  to  form  two  equal  and 
in  the  int^Ament  a2  therir  ( ‘  ^romatophores  ”)  are4  present 

chanmmr  t%P;r  •  >  ^bam£E^eons  have  thus  a  remarkable  power  of 

™SS„r "of  STV',1;  “  '*»  !"»“"<*  of  cl.Lg.s  $ 

to  the  Old  World  and  SpeC'fS  of  C/iamaleo  are  exclusively  confined 

. - 

clifd^s^idv^^11’-  R:hvnchocephalia.— This  sub-order  in- 
aes  only  the  single  genus  Sphenodon  ( Hatteria )  and  is 

united withdH  y  }hat  the  quadrate  bone  is  immovably 

some  of  tho  .qL.'VU  ’<£tle  .vertebr0e  are  amphicoelous,  and 
of  Bird c  T T  ri]  bear  "uncinate  processes  ”  similar  to  those 
coniiln  n  *  C  a!  „other  Lizards,  Sphenodon  is  devoid  of 
the  sin  1  °r«a”S-  h,f  on^7  known  species  of  the  genus  is 
dentii-;  &U  aJ  ,  .  l!atara  punctatus)  of  New  Zealand,  the 
com  ,llt  i°f  Wh,1Ch  18  exceedingly  remarkable.  The  teeth  are 
dew1l  '  ,yanK!  gamate(1  b>’  anchy]osis  with  the  jaws,  and  are 
a  lom/f  v  U\  1  le.  mandible,  praemaxillae,  and  maxillae,  and  in 
larv  min  dina  SenCS  Upon  the  Paladne  bones.  The  prsemaxil- 
forin  in  a  are  tw°in  number,  and  are  of  large  size  and  scalpri- 
in  ,1  ,  S  iape|  i  be  serrated  edge  of  the  mandible  is  received 
of  th!  g  n  between  the  palatine  teeth  and  the  cutting  edges 
^  the  maxillae,  the  alveolar  borders  of  which  are  hard  and  as 


MANUAL  OF  ZOOLOGY. 


638 

highly  polished  as  the  teeth  themselves,  the  function  of  which 
they  discharge  when  the  latter  are  ground  down  in  advanced 
age.  In  certain  of  its  characters  the  genus  Sphenodon,  as 


pointed  out  by  Huxley,  shows  relationships  to  the  Tnassic 
genera  Hyperodapedon  and  Rhynchosaurus ,  and  there  aie 
"rounds  for  believing  that  the  Rhynchocephalia  should  be 
placed  in  the  neighbourhood  of  the  extinct  order  of  the 
Anomodont  Reptiles. 


388. — Side  view  of  the  skull  of  Sphenodon  (// alterin')  punctatus,  the  lower  jaw 
beincr  removed.  (After  Gunther.) 


Crocodilia. 

Order  IV.  Crocodilia.— This  order  includes  the  living 
Crocodiles,  Alligators,  and  Gavials,  and  is  distinguished  by 
the  following  peculiarities  :  The  exoskeleton  consists  op  horny 
epidermic  scales,  conjoined  on  the  dorsal  and  sometimes  also  on 
the  ventral  surface,  with  bony  dermal  scutes.  The  vertebra  (yn 
living  forms)  are  precocious,  with  large  transverse  processes.  The 
bones  of  the  skull  and  face  are  firmly  united  together,  the  quad¬ 
rate  is  immovably  connected  with  the  skull,  and  the  two  1 ami  of 
the  mandible  are  joined  in  front  by  suture.  .  There  is  a  singb 
row  of  teeth  in  the  jaws,  implanted  in  distinct  sockets,  hath 
pairs  of  limbs  and  their  arches  are  present,  the  pectoral  arch  is 
without  a  clavicle,  and  a  sternum  is  present.  The  septum  between 
the  ventricles  is  complete,  but  the  right  and  left  aorta  are  connect  at 
just  above  their  origin  by  the  “  foramen  Pamzzce."  There  is  no 
urinary  bladder,  and  the  aperture  of  the  cloaca  is  longitudinal. 

The  exoskeleton  of  the  Crocodilia  consists  of  horny  epidermic 
scales,  beneath  which,  in  certain  regions,  bony  dermal  scutes 
are  developed.  In  some  cases  the  dermal  exoskeleton  is  only 
developed  dorsally,  but  in  Caiman  it  is  composed  of  transverse 
rows  of  quadrate  bony  plates,  disposed  so  as  to  form  a  dorsa 
and  ventral  shield,  which  are  separated  by  soft  skin  in  the 
region  of  the  trunk,  but  become  confluent  m  the  tail.  All 
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mov?hlvfn°nei  r°W  arG  Un,ited  b>'  suture>  and  successive  rows 
movabl}  overlap  one  another.  On  the  back  of  the  neck  the 

scutes  are  often  disposed  in  groups  of  different  form  and 
number  in  different  species. 

I’he  endoskeleton  is  well  ossified,  and  the  centra  of  the  verte- 
bue  in  all  living  forms  are  proccelous.  Some  of  the  extinct 
Liocodi  eS)  however,  possessed  amphiccelous  vertebrae  and  in 
others  the  vertebra,  were  opisthocilous.  The  neural  arches 
are  united  to  the  centra  by  suture,  and  there  is  a ^sacrum  of 


I'ig.  389.- 


piiilitllis 

“rip® sterm™-  £■» 
ribs,  produced  by  the  ossification  fnheTT  abdomilMl 
of  .he  recti  muscles,  a?e  So  ^esent  n°US  mterSeC,io"s 

1  he  general  form  of  the  skull  is  like  tint  nf  t  •  1  , 

ably  to  the  skull  bone  is  fixed  immov- 

. . 
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may  be  filled  with  water,  and  being  correlated  with  the  habit 
of  the  Crocodiles  of  killing  their  prey  by  drowning.  Teeth 
are  present  in  a  single  row  in  the  prsemaxillse,  maxillae,  and 
mandible,  but  are  not  developed  on  the  palatine  or  pterygoid 
bones.  The  teeth  are  conical,  and  are  sunk  in  sockets,  being 
hollowed  out  at  their  bases  for  the  germs  of  the  new  teeth,  by. 
which  they  are  successively  pushed  out  and  replaced  duiing 
the  life  of  the  animal. 

Both  pairs  of  limbs  are  present — the  anterior  ones  being 
pentadactylous,  and  the  posterior  tetradactylous.  The  digits  of 
the  hind-feet  are  more  or  less  completely  webbed.  The  pec¬ 
toral  arch  consists  of  a  scapula  and  coracoid,  and  though  theie 
are  no  clavicles,  a  median  “  interclavicle  ”  is  present. 

The  tongue  is  thick  and  fleshy,  and  immovably  attached  to 
the  floor  of  the  mouth  (hence  the  belief  of  the  ancients  that 
the  Crocodile  had  no  tongue).  Salivary  glands  aie  wanting, 
but  there  open  into  the  mouth  two  glands  which  pioduce  a 
musky  secretion.  Glands  secreting  a  similar  musky  substance 
are  also  situated  close  to  the  termination  ot  the  intestine, 
muscular  diaphragm  separates  the  thorax  and  abdomen,  and 
the  peritoneal  cavity  communicates  with  the  exterior  by  ‘‘pen- 
toneal  CcInclls.,, 

The  eye  has  two  eyelids  and  a  “membrana  nictitans,”  01- 
third  eyelid,  and  the  external  nostrils  and  openings  of  the  ears 
are  closed  by  valvular  folds  of  the  skin.  . 

The  heart  differs  from  that  of  other  Reptiles  in  the  fact  that 
it  is  completely  four-chambered,  the  septum  between  the  ven¬ 
tricles  being  complete.  The  right  and  left  sides  ot  the  heart 
are,  however,  placed  in  communication  by  means  of  an  aper¬ 
ture  (“  foramen  Paiiizzse  ”),  connecting  together  the  right  (arte¬ 
rial)  and  the  left  (venous)  aorta  just  above  their  point  of  ongm 
from  the  left  and  right  ventricles  respectively. 

The  Crocodilians  are  inhabitants  of  fresh  waters  in  tropical 
and  subtropical  regions,  and  are  found  in  both  the  Old  and 
New  Worlds.  Though  essentially  aquatic  in  their  habits,  they 
also  not  uncommonly  come  to  land.  1  hey  live  upon  lis  les, 
or  upon  terrestrial  animals  which  they  kill  by  drowning. 

As  regards  their  distribution  in  time ,  the  most  ancient  types 
of  Crocodilians  belong  to  the  sub-order  Amphicalia,  in  which 
the  vertebral  bodies  were  biconcave.  These  begin  in  the  lj'ias 
and  ranee  to  the  Chalk,  being  thus  exclusively  Mesozoic,  lhey 


saurus,  csieneosaurus,  1 

vertebra  which  have  been  referred  to  Crocodiles,  lor  which  tne 
special  sub-order  Opisthocoelia  has  been  formed,  also  occur  in 
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Sdilhn°Z°ICaSvkV  bUt  Jt  'S  <!UCSti0nabIe  if  these  are  really  Cro- 
rirn ,  in  t!  “rSt  J’  true  proccelian  Crocodiles  occur  for  the  first 
Tn  f  tlle  Greensand  (Cretaceous  series)  of  North  America 

.  are  Irom  the  Lower  Tertiary  rocks  fEocemA  Tf  „ 
iTnTTherfoccf  7  '’u  E°Cene  r0cks  of  the south-west  of  Em- 
the  Crocodilia -Lamd y "d^GavkUs^U^C11'66  n™8  'T*  ^ 

thr«eg^“LCra®^“  '"ay  be  divided  'nt°  the  following 


distinguished  by  the  facuhauhe  fourt'hTc  ''ll1  -rUfi  ''IOL'0,'i[es  ( Crocodilm ), 
ft.  390).  The  nasal  bones  take  7^ZL7ftAnSr 


p' cSodteTrLvIJy  wTd*  ay  by  the  shin.  The 

ound  m  Africa,  India,  Malacca  and  the  in  r  Spe.cie®  ,of  Crocodtlus  being 
°  No«h  Australia  ;  while  other  forms  ini., !?•  ^rchiPeIaSO,  -and  ranging 
r!!  no/.Lhern  Part  of  South  America  The  b^?’  Central  America,ancl 
Crocodtlus  vulgaris  of  Africa  and  tli cC  I, if,,  ■  ,  '  k "T"  sPecics  are  the 
Cental  province.  ’  fU}cailts  of  Madagascar  and  the 

fourth  maruhibuhar^  tootdl'l'"*  cani'rie  ’’MsTrec  -the  AJ'igators,  in  which  the 
^rface  of  the  upper  jaw,  so  that  it  is  conn  u  n't0  a  PJt  In  the  palatal 
The  nasal  bones  take  nan  in  1 r  cealed  when  the  mouth  is  shut 

•“*  “f  >be  Wn“S','“"clp  e  dy”  Z? 1 % ““"“I  ^ 

t  u-i)  webbed.  I  here  is  often  an  abdominal 
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series  of  dermal  scutes.  The  Alligators  are  confined  to  the  warmer  parts 
of  North  and  South  America,  and  the  best-known  species  are  the  AUigatoi 
Indus  of  the  Southern  United  States,  the  Caiman  {A.palpebrosus)  of  Suri¬ 
nam  and  Guiana,  and  the  “  Jacare”  or  Spectacled  Alligator  ( A .  sderops )  of 

(r)  Gavialidic. — This  group  includes  the  so-called  “Gavials”  or  “Ghar- 
rials,”  characterised  by  their  very  elongated  snouts,  and  by  the  fact  that 
the  nasal  bones  are  excluded  from  the  anterior  nares.  I  he  first  and  fourth 
mandibular  teeth  are  received  into  notches  in  the  upper  jaw.  I  lie  best- 
known  member  of  this  family  is  the  “Gavial”  ( Gaviahs  Gangelicm ■)  of  the 
Ganges  and  other  large  Indian  rivers.  Two  species,  belonging  to  the  allied 
genus  Tomistoma,  are  found  in  Borneo  and  North  Australia  respectively. 


CHAPTER  LVIII. 


EXTINCT  ORDERS  OE  REPTILES. 


There  remain  a  number  of  groups  of  extinct  Reptiles  which 
differ  so  widely  from  existing  types  that  they  may  best  be  con¬ 
sidered  separately  from  the  latter.  All  the  groups  in  question 
are  essentially,  if  not  exclusively,  Mesozoic  in  their  iange,  anc 
they  may  be  very  briefly  considered  here  under  the  following 

heads * _ 

Order  V.  Ichthyopterygia,  Owen  (  ~  Ichthyosauri^  Hux¬ 
ley). _ The  gigantic  Saurians  forming  this  order  are  distin¬ 

guished  by  the  following  characters:— 

The  body  was  fish-like,  without  any  distinct  neck,  and  prob¬ 
ably  covered  with  a  smooth  or  wrinkled  skin,  no  horny  or  bony 
exoskeleton  having  been  ever  discovered.  The  vertebrae  were 
numerous,  deeply  biconcave  or  amphiccelous,  and  having  ie 
neural  arches  united  to  the  centra  by  a  distinct  suture.  1  be 
anterior  trunk-ribs  possess  bifurcate  heads.  '1  here  is  no  sac¬ 
rum,  and  no  sternal  ribs  or  sternum,  but  clavicles  were  present 
as  well  as  an  interclavicle  (episternum) ;  and  false  ribs  were 
developed  in  the  walls  of  the  abdomen.  '1  lie  skull  had  enor¬ 
mous  orbits  separated  by  a  septum,  and  an  elongated  snou  . 
The  eyeball  was  protected  by  a  ring  of  bony  plates  in  the 
sclerotic.  The  teeth  were  not  lodged  m  distinct  sockets, ,  b 
in  a  common  alveolar  groove.  1  he  fore  and  hind  limbs 
converted  into  swimming-paddles  (fig.  392)>  lhe  ortlina  > 
bcr  of  digits  (five)  remaining  recognisable,  but  the  phaHnje 
being  greatly  increased  in  number,  and  marginal  ossicles  ^ 
added  as  well.  A  vertical  caudal  fin  was  in  all  probability 

present. 


SAUROPTERYGIA. 


643 


hXJ:  a"d  3W 


Fig.  391.  Ichthyosaurus  communis. 
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tebras  were  either  flat  or  only  slightly  cupped  at  each  end,  and 
the  neural  arches  were  anchylosed  with  the  centra,  and  did 
not  remain  distinct  during  life.  The  transverse  processes  of 
the  vertebrae  were  long,  and  the  anterior  trunk-ribs  had  simple, 
not  bifurcate  heads.  No  sternum  or  sternal  ribs  are  known  to 
have  existed,  but  there  were  false  abdominal  ribs.  The  neck 
(fig-  393)  m  most  was  greatly  elongated,  and  composed  of 


numerous  vertebrae.  The  sacrum  was  composed  of  two  verte¬ 
brae.  The  orbits  were  of  large  size,  and  there  was  a  long  snout, 
as  in  the  Ichthyosauri,  but  there  was  no  circle  of  bony  plates 
in  the  sclerotic.  The  limbs  agree  with  those  of  the  Ichth)  o- 
sauri  in  being  in  the  form  of  swimming-paddles  (fig.  394)=  but 
differ  in  not  possessing  any  supernumer¬ 
ary  marginal  ossicles.  A  pectoral  arch, 
formed  of  two  clavicles  and  an  inter- 
clavicle  (episternum),  appears  to  have 
been  sometimes,  if  not  always,  present. 
The  teeth  were  simple,  and  were  in¬ 
serted  into  distinct  sockets,  and  not 
lodged  in  a  common  groove. 

The  most  familiar  and  typical  member 
of  the  Sauropterygia  is  the  Plesiosaurus 
(fig-  393),  a  gigantic  marine  reptile, 
chiefly  characteristic  of  the  Lias  and 
Oolites,  but  ranging  to  the  Chalk,  speci¬ 
mens  having  been  found  indicating  a 
length  in  some  species  of  eighteen  01 
twenty  feet.  Allied  to  Plesiosaurus  are 
the  Triassic  genera  Stt/iosaurus  and 
Nothosaurus,  which  are  chiefly  charac¬ 
teristic  of  the  formation  of  the  Muschelkalk. 

Order  VII-  Anomodontia,  Owen  (  -  Dnyuodoutia ,  Hu  - 
lev)  —The  leading  characters  of  this  order  are  to  be  tound  in 
tbe  'structure  of  the  jaws,  which  appear  to  have  been  sheathed 
horn  so  as  to  constitute  a  kind  of  beak, 


Fig.  394.— Left  fore-paddle 
of  Plesiosaurus,  a  Hu¬ 
merus  ;  b  Radius;  c  Ulna. 
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very  like  that  of 

the  Chelonians.  In  the  genus  Oudenodon :  (fig.  395). 
seem  to  have  been  altogether  destitute  ot  teeth ,  but  in  UK 
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by  Professor  Owen  for  the  reception  of  a  number  of  carnivor¬ 
ous  Reptiles  from  deposits  of  Triassic  or  Permian  age.  The 
Reptiles  in  question  show  some  singular  affinities  to  the  Mam¬ 
mals,  especially  to  the  Beasts  of  Prey.  The  dentition  is  of  the 
carnivorous  type,  the  teeth  being  in  three  distinct  sets— -viz., 
incisors,  canines,  and  molars,  and  the  canines  being  large  and 
pointed. 

In  Cy nodraco ,  which  may  be  regarded  as  the  type  ot  the 
group,  the  canines  are  not  only  of  immense  size,  but  are  com- 


Fig.  306.— A,  Front  view  of  the  skull  of  Lycosaurits.  showing  the  dentition.  11,  Fro 
view  of  the  jaws  of  Cyutuiraco  serridens,  showing  the  incisor  teeth.  C,  bide  view 
,  •  r  r . . . »R.»  hu'icnrc  nml  the  l:miariforin  CailllieS  \  C  LJUUIK 


ronfc 

view  of  the  laws  ot  c yttoaraco  semucus,  ”  -  ■  7  ". 

the  jaws  of  Lycosaurits,  showing  the  incisors  and  the  lamanform  canines  ,  c  Canine.. 

(After  Owen.) 


pressed  in  shape,  and  have  the  hinder  trenchant  border  of  the 
tooth  minutely  serrated,  thus  resembling  the  canines  of  the 
Sabre-toothed  Tiger  (ATa chair odits).  1  he  humerus  is,  tuithei, 
furnished  with  a  “  supra-condyloid  foramen  ’  (similar  to  that 
of  the  humerus  of  Fclidtz  and  other  carnivorous  Mammals)  for 
the  protection  of  the  median  nerve  and  brachial  aitei\  on 
their  way  down  the  arm.  Whilst  Cy  nodraco  is  the  type  ot  the 
Theriodontia ,  Prof.  Owen  is  of  opinion  that  a  number  of  other 
genera  (such  as  Galesaurns,  Cynochampsa,  Lycosaurits ,  Re.), 
principally  of  Triassic  age,  are  likewise  referable  to  the  same 


i 


order.  ,  .  ,rl  • 

Order  IX.  Pterosauria  ( Ornithosauria ,  Seeley).— l  ms 

order  includes  a  group  of  extraordinary  flying  Reptiles,  all 
belonging  to  the  Mesozoic  epoch,  and  exhibiting  in  many 
respects  a  very  extraordinary  combination  ot  characters. 
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Ihc  most  familiar  members  of  the  order  are  the  so-called 

I  terodactyles,  ’  and  the  following  are  the  characters  of  the 
order : — 

No  exoskeleton  is  known  to  have  existed.  The  dorsal 
vertebrae  are  procoelous,  and  the  anterior  trunk -ribs  are 
double-headed.  1  here  is  a  broad  sternum  with  a  median 
ncge  or  keel,  and  ossified  sternal  ribs.  The  jaws  were  gen- 
eia  ly  armed  with  teeth,  and  these  were  implanted  in  distinct 
sockets.  In  some  lorms  ( Rhamphorhynchus )  there  appear  to 
have  been  no  teeth  in  the  anterior  portion  of  the  jaws,  and 
these  parts  seem  to  have  been  sheathed  in  horn,  so  as  to 
constitute  a  kind  of  beak.  In  the  genus  Pteranodon ,  from  the 
Li  etaceous  rocks  of  North  America,  comprising  gigantic  ex¬ 
amples  ot  the  order,  the  jaws  are  completely  destitute  of  teeth 
and  appear  to  have  been  encased  in  a  horny  beak. 

A  ring  ol  bony  plates  occurs  in  the  sclerotic  coat  of  the 
eye.  1  lie  pectoral  arch  consists  of  a  scapula  and  distinct 
coracoid  bone,  articulating  with  the  sternum  as  in  Birds  but 
no  clavicles  have  hitherto  been  discovered.  The  fore-limb 
(hg'  397)  consists  of  a  humerus,  ulna  and  radius,  carpus,  and 
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side  of  the  body,  and  the  comparatively  small  hind-limb,  there 
was  supported  an  expanded  flying-membrane,  or  “patagium,” 
which  the  animal  must  have  been  able  to  employ  as  a  wing, 
much  as  the  Bats  of  the  present  day.  Lastly,  most  ot  the 
bones  were  “  pneumatic”—  that  is  to  say,  were  hollow  and 
filled  with  air. 

The  Pterosauria  are  exclusively  Mesozoic,  being  found 
from  the  Lower  Lias  to  the  Chalk  inclusive,  the  Litho¬ 
graphic  Slate  of  Solenhofen  (Jurassic)  being  particularly  rich 
in  their  remains.  Most  of  them  appear  to  have  attained 
no  very  great  size,  but  the  remains  of  a  species  from  the 
Cretaceous  rocks  have  been  considered  to  indicate  an  animal 
with  more  than  twenty  feet  expanse  of  wing,  counting  from 

tip  to  tip.  . 

In  the  genus  Pterodactylus  proper,  the  jaws  are  provided 
with  teeth  to  their  extremities,  all  the  teeth  being  long  and 
slender. 

In  Dimorphodon,  the  anterior  teeth  are  large  and  pointed, 
the  posterior  teeth  small  and  lancet-shaped. 

In  Rhamphorhynchns,  the  anterior  portion  of  both  jaws  is 
edentulous,  and  may  have  formed  a  horny  beak,  but  teeth 
are  present  in  the  hinder  portion  of  the  jaws. 

In  Pteranodon ,  lastly,  the  jaws  are  completely  edentulous, 
and  were  probably  ensheathed  in  horn.  I  his  genus,  along 
with  some  small  forms,  includes  the  largest  known  members 
of  the  order. 

Order  X.  Dinosauria,  or  Deinosauria. —  1  he  last  order 
of  extinct  Reptiles  is  that  of  the  Dinosauria ,  comprising  a 
group  of  very  remarkable  Reptiles,  which  are  in  some  respects 
intermediate  in  their  characters  between  the  Struthious  Birds 
and  the  typical  Reptiles ;  whilst  they  have  been  supposed,  to 
have  affinities  to  the  Pachydermatous  Mammals.  Most  of  the 
Dinosauria  were  of  gigantic  size,  and  the  order  is  defined  by  : 
the  following  characters 

The  skin  was  sometimes  naked,  sometimes  furnished  with  a  | 
well-developed  exoskeleton,  consisting  of  bony  shields.  A 
few  of  the  anterior  vertebrae  were  opisthoccelous,  the  remainder 
havin<r  flat  or  slightly  biconcave  bodies.  1  he  anterior  trunk- 
ribs  were  double-headed.  The  teeth  were  confined  to  the 
jaws  and  mostly  implanted  in  distinct  sockets.  I  here  were  : 
always  two  pairs  of  limbs,  and  these  were  strong,  furnished 
with  claws,  and  adapted  for  terrestrial  progression.  In  some 
cases  the  fore-limbs  were  very  small  in  proportion  to  the 
size  of  the  hind -limbs.  No  clavicles  have  been  certainly 
identified,  except  in  Iguanodon  and  its  allies. 
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the  tibia  has  its  proximal 
end  prolonged  anteriorly 
into  a  strong  crest ;  and 
the  astragalus  is  bird -like 
(Huxley). 

The  most  remarkable 
points  in  the  organisation 
of  the  Dinosauria  are  con¬ 
nected  with  the  structure 
of  the  pelvis  and  hind- 
limb,  the  characters  of 
which,  as  pointed  out  by 
Huxley,  approximate  to 
those  of  the  same  parts  in 
the  Birds,  and  especially  in 
the  Struthious  Birds.  This 
approximation  is  especially 
seen  in  the  prolongation  of 
the  ilium  in  front  of  the 
acetabulum  (fig.  398),  the 
elongation  and  slenderness 
of  lorm  of  the  ischium,  and 
the  slenderness  of  the  pubes. 

The  astragalus  is  like  that 
of  a  bird,  and  in  some  cases 
appears  to  have  become 
anchylosed  with  the  distal 
end  of  the  tibia.  1  he  me¬ 
tatarsal  bones,  however  re- 
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characteristic  of  the  great  delta-deposit  of  the  Wealden.  The  length  of 
the  Imanodon  has  been  estimated  as  being  probably  from  fifty  to  sixty 
feet  ;  and  from  the  close  resemblance  of  its  teeth  to  those  of  the  living 
I  ('lianas,  there  is  little  doubt  that  it  was  herbivorous  and  not  carnivorous. 
The  femur  of  a  large  Igitanodon  measures  from  four  to  five  feet  in  length, 
with  a  circumference  of  twenty-two  inches  in  its  smallest  part.  rom  l  it 
disproportionately  small  size  of  the  fore-limbs,  and  from  the  occurrence  ot 
pairs  of  gigantic  three-toed  footsteps  in  the  same  beds,  it  has  been  con¬ 
cluded,  with  much  probability,  that  Iguanodon,  in  spite  of  its  enormous 
bulk,  must  have  walked  temporarily  or  permanently  upon  its  hind-legs, 
thus  coming  to  present  a  most  marked  and  striking  resemblance  to  t  e 
Birds. 
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DIVISION  II. — SA  UROPSIDA. 


CHAPTER  LIX. 


CLASS  IV.  — A  VES. 


The  fourth  class  of  the  Vertebrata  is  that  of  Aves,  or  Birds. 
The  Birds  may  be  shortly  defined  as  being  “oviparous  Verte¬ 
brates  with  warm  blood,  a  double  circulation,  and  a  covering 
of  feathers”  (Owen).  More  minutely,  however,  the  Birds  are 
defined  by  the  possession  of  the  following  characters 

The  embryo  possesses  an  amnion  and  allantois,  and  branchiae 
or  -dlls  are  never  developed  at  any  time  of  life  upon  the  visceral 
arches.  The  skull  articulates  with  the  vertebral  column  by  a 
single  occipital  condyle.  The  form  of  the  vertebral  centia 
vanes ;  but  they  are  in  no  case  amphiccelous,  except  in  the 
remarkable  extinct  form  described  under  the  name  of  lchthyor- 
n is.  Each  half  or  ramus  of  the  lower  jaw  consists  of  a  number 
of  pieces,  which  are  separate  from  one  another  in  the  embryo ; 
and  the  jaw  is  united  with  the  skull,  not  directly,  but  by  the 
intervention  of  a  quadrate  bone  (as  in  the  Reptiles).  1  he  fore¬ 
limb  in  no  existing  birds  possesses  more  than  three  digits, 
and  the  metacarpal  bones  are  anchylosed  together.  In  all 
livin"  birds  the  fore-limbs  are  useless  as  regards  prehension, 
and  m  most  they  are  organs  of  flight.  The  hind-limbs  in  all 
birds  have  the  ankle-joint  placed  in  the  middle  of  the  tarsus, 
the  proximal  portion  of  the  tarsus  coalescing  with  the  tibia, 
and  the  distal  portion  of  the  tarsus  being  anchylosed  with  the 
second  third,  and  fourth  metatarsals  to  constitute  a  single 
bone  known  as  the  “  tarso-metatarsus.”  There  are  never  moie 


than  four  digits  in  the  pes.  .  ,  ,  fwn 

The  heart  consists  of  tour  chambers,  two  auricles,  and  two 
ventricles ;  and  not  only  are  the  right  and  left  sides  of  the 
heart  completely  separated  from  one  another,  but  there  is  n 
communication  between  the  pulmonary  and  systemic  circuit 
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Ihe’riX  ‘hThJl  i"  5ep,,iles'  ,  Tllere  is  °n'y  0,le  aortic  arch, 
IS  much  as  ho^,hav,n|  an  average  temperature  of 

and  nucleated  '°4  '  '’e  red  b'°°d«>n^d«  are  oval 

The  respiratory  organs  are  in  the  form  of  spongy  cellular 

hrnnrlWhlCh  ^  n.ot  .freeI7  suspended  in  pleural  sacs;  and  the 
bronchi  open  on  their  surface  into  a  number  of  air-sacs  placed 
m  different  parts  of  the  body.  ’  1 

du2of"thetinf  terminStes  in  a  “cloaca,”  into  which  open  the 
ducts  ot  the  urinary  and  reproductive  organs 

alive  orhcinf^  oviParous,  none  bringing  forth  their  young 

v  ded  w  th  ?  f  OVO'VIVIPar°us.  All  birds  are,  lastly,  pro 
vided  with  an  epidermic  covering,  so  modified  as  to  constitute 
what  are  known  as  feathers.  constitute 

is  'h£  ,method  in  which  feathers  are  produced 

pt®* 

the  inferior  median  line,  opposite  the  Tod-like  cast  of  1  g  T™7  "S 

Sci.'sr" ,he  -* 

sr»:s&  .“ri-  rfr** 

cylinder  is  formed  uhinlt  '  Ta  t°  Je  -"moved,  and  a  continuous  horny 
1  ‘iiucr  is  iormeci,  which  constitutes  the  ‘quill.’”  3 

A  typical  feather  (fig.  399)  consists  of  the  following  parts 

,  ion of  ,r 1  r  “rlarfw> which  [°™*  ^  ^  m- 

own  dlrn  /  hm’  byTwhlch  11  is  inserted  in  the  skin  on  its 
| feather  nai  iJaiJl  a'  1S  ti‘le  latest-formed  portion  of  the 
•  leather,  and  consists  of  a  hollow  horny  cylinder.  2.  The 
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“shaft”  or  “rachis”  (b),  which  is  simply  a  continuation  of  the 
quill,  and  which  forms  the  central  axis  of  the  feather.  1  he 


strong  longitudi- 
composed  of 


is 


axis 

inferior  surface  of  the  shaft  always  exhibits  a 

nal  groove,  and  it 
a  horny  external  sheath,  containing 
a  white  spongy  substance,  very  like 
the  pith  of  a  plant.  3.  The  shaft 
carries  the  lateral  expansions  or 
“webs”  of  the  feather,  collectively 
constituting  the  “vane”  or  “  vexil- 
lum.”  Each  web  is  composed  of  a 
number  of  small  branches,  which 
form  an  open  angle  with  the  shaft, 
and  which  are  known  as  the 
“barbs”  (c).  The  margins  of  each 
barb  are,  in  turn,  furnished  with  a 
series  of  still  smaller  branches, 
which  are  known  as  the  “  bar- 
bules.”  As  a  general  rule,  the 
extremities  of  the  barbules  are 
hooked,  so  that  those  springing 
from  the  one  side  of  each  barb 
interlock  with  those  springing  from 
the  opposite  side  of  the  next  barb. 
In  this  way  the  barbs  are  kept  in 
apposition  with  one  another  over 
a  greater  or  less  portion  of  the 
entire  web.  More  or  less  of  the 
barbs  in  the  lower  portion  of  the 
feather  are,  however,  disunited,  and 
not  connected  by  their  barbules  ; 
and  these  constitute  what  is  known 
as  the  “down.”  In  the  Ostriches, 


Emeus,  and 
barbs  of  the 


or  “  after 
the  same 


allied  birds,  all  the 
feathers  are  discon¬ 
nected,  giving  to  the  plumage  of 
these  birds  its  peculiarly  soft  char¬ 
acter.  At  the  point  where  the  shaft 
joins  the  quill,  and  on  the  under 
side  of  the  former,  there  is  very 
generally  found  a  small  feather, 
known  as  the  “accessory  plume” 
shaft”  (“hyporachis”).  This  is  usually  much 
the  main  feather,  but  considei- 


I'ig.  399.— Quill-feather  (Stninfisis). 
a  Quill  or  barrel;  b  Shaft;  cc 
Webs,  composed  of  the  barbs,  and 
together  forming  the  “vane. 


in  structure  as 


ably  smaller.  It  may,  however,  be  as 


original 
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leather,  or  it  may  be  reduced  to  noth 
ot  down. 
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mg  more  than  a  tuft 


feathers.”  As  regards  the  Tt  the  TngS  and  tail_“quill- 

f  t^etl^X 

(radius  and  ulna)  are  termed  the  “  t  7  '• 'St»  ell,d  of  tlle  fore-arm 

cover  the  bases  of  the  ouill  fe  the ''""P  ^  1™"™  feathers>  which 

coverts  "-“greater”  «« lesser »  ™ T««  T  »nd  below*  aie  ‘he  “wing- 
of  the  tail(‘Pcctrices”)  form  a  khrd  nfS"'  r  °  gleat  <iuill-feathefs 
bird  in  flight*  and  their  1-ncpc  '  °  ^an>  great  use  in  steering  the 

constitute  the’ “tail-coverts  ”  ^  Generali61^  3y  *  Ser‘eS  of  featheis  which 

trices”-  l,„i  ,1  ‘  ■  Sl  Generally  there  are  ten  or  twelve  “  rer. 

rarely  more;  and  they  do  not  "cam- ^ ‘  ac?™^  !n  tbe  Pelican)>  or 

to  the  “clothing-feathers  ”  mrl  t  J  ccessoiy  plumules.  In  addition 
the  body  is  protected  bva  mi!  fathf'S  °f  ,the  wings  a"d  tail, 
“down-feathers  ”  (“  idumul  r-  ”1  ;  vf-S ,abandantly  developed  coating  of 
and  the  barbs  are  therefore^free  '  In^lnn  ?“  barbu,es  .are  ”ot  hoofed, 
down -feathers,  and  the  barbs  arPati-irl-J  1  -6  CaSerS  1  lcIie  ls  no  sll£lft  t0  the 
In  other  cases,  the  feathers  close'lv  \n  -C  ^  a  ,tud  t0, t  le  e!ld  op  the  quill, 
very  long,  slender  and  flexible  Tl  pp^°*lmate  t0  hairs  in  form,  being 
shaft,  either  desShe  of  v?„e,  „r  of  a  delict! 

Though  apparently  compS,”,  SSFwith  f^  "‘.f 
are  really  almost  always  mnfinVi  ,  1  matheis,  these  appendages 

.he  hod/ of  a  bird/the  £S*5&  2T 

exceptions,  naked.  These  feathererl  J  ,lpt  )  being,  with  few 

m  form,  size,  .and  arrangement  in  d  unfeathered  regions  are  definite 

bea-d  as  an  important  aid  to  classification?  gr°UPS  °f  b‘rdS’  and  can  thus 

horny  scales  mK^shieldP which"  cover ‘the  unfP^1'01)  l°  feathers’  are  the 
and  toes,  the  hornv  snm-s  m,  th  •  the  unfeathered  portions  of  the  leg 

in  which  the  jaws  are  ensheathed  "^SiP  -S?,nle  bll'ds>  and  the  horny  beak 
highly  vascular,  and  somethnL  erec  e  3  7  m°dlfied of  the'  skin, 
“wattles”  of  many  male  bird?  -the  ““mbs”  and 

°us  glands  are  absent  most  1 1  ugh  sudoriparous  and  sebace- 

of  the  t,i*rSe”n?S1 1'S’f'rf*.'  ““H1*", . «~d  »•  the 

opening  by  a  single  or  double  aperture'.  luhncat,ng  the  feathers,  and 

th*h% “  Si"^'y at 

presence  nf  Z  g  ,  7  llght  1  he  compactness  is  due  to  the 

lightness  to  the  '!}ISUa  a'h°unt  of  phosphate  of  lime;  and  the 

nfar  “ Vml  /  re/  “  TV  oftl,e  lju"cs  »f  the  ordinary 
'IUW>  ancl  its  replacement  by  air  y 

interestiSrf  ‘V  ’”*W  r"l“mn’  1>irils  exhibit  some  very 

anusually^oSa  andrS  1  !e  “l?'i‘:al  ''egio"  of  the  sPine  is 

organs  of  .  &  •  flexib,e>  since  the  fore-limbs  are  useless  as 

“tans  of  prehension,  and  all  acts  of  grasping  must  be  exer! 
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cised  either  by  the  beak  or  by  the  hind-feet,  or  by  both  acting 
in  conjunction.  In  all  birds  alike,  the  neck  is  sufficiently  long 
and  ilexible  to  allow  of  the  application  of  the  beak  to  an  oil- 
gland  placed  at  the  base  of  the  tail,  this  act  being  necessary 
for  the  due  performance  of  the  operation  of  “preening” — that 
is,  of  lubricating  and  cleaning  the  plumage.  The  cervical 
vertebrae  vary  in  number  from  eight  to  twenty-three.  1  he  front 
faces  of  their  centra  are  cylindroidal  (spheroidal  in  Penguins), 
convex  from  above  downwards,  and  concave  from  side  to  side,  the 
posterior  faces  being  saddle-shaped,  concave  from  above  down¬ 
wards  and  convex  from  side  to  side.  Hence  in  vertical  sec¬ 
tion,  the  vertebrae  appear  to  be  opisthocoelons ,  and  in  horizontal 
section  procailous.  This  structure  of  the  cervical  vertebra  is 
highly  characteristic  of  Birds.  The  dorsal  vertebrae  vary  from 
six  to  ten  in  number,  and  of  these  the  anterior  four  or  five  are 
generally  anchylosed  with  one  another,  so  as  to  give  a  base  of 
resistance  to  the  wings.  In  the  Ratite  Birds,  however  (such 
as  the  Ostrich  and  Emeu),  and  in  some  others  (such  as  the 
Penguin),  in  which  the  power  of  flight  is  wanting,  the  dorsal 
vertebrae  are  all  more  or  less  freely  movable  upon  one  another. 
There  are  no  free  lumbar  vertebrae,  but  all  the  vertebrae  be¬ 
tween  the  last  dorsal  and  the  first  caudal  (varying  from  eleven 
to  twenty)  are  anchylosed  together  to  form  a  bone  which  is 
ordinarily  known  as  the  “  sacrum.”  To  this,  in  turn,  the  iliac 
bones  are  anchylosed  along  their  whole  length,  giving  perfect 
immobility  to  this  region  of  the  spine  and  to  the  pelvis.  1  he 
anterior  vertebrae  of  the  so-called  “  sacrum  are  in  reality 
lumbar  vertebrae  ;  the  two  or  three  vertebrae  behind  these  are 
properly  sacral,  and  the  anchylosed  vertebrae  which  follow 
these  are  really  the  anterior  caudal  vertebrae. 

The  coccygeal  or  caudal  vertebrae  vary  in  number  from  eight 
to  ten,  and  are  movable  upon  one  another.  In  reality,  how¬ 
ever,  the  number  of  caudal  vertebrae  is  much  greater  than  the 
aibove,  since  some  of  the  vertebrae  of  the  anchylosed  “  sacrum 
properly  fall  to  be  counted  in  this  region,  and  the  “  plough¬ 
share-bone  ”  consists  of  more  than  one  vertebra.  1  he  most 
noticeable  feature  about  this  part  of  the  spinal  column  is  what 
is  known  as  the  “  ploughshare-bone”  or  “  pygostyle.”  I  his  is 
the  last  joint  of  the  tail,  and  is  a  long,  slender,  ploughshare¬ 
shaped  bone,  destitute  of  lateral  processes,  and  without  any 
medullary  canal  (fig.  4°5>  B).  In  reality  it  consists  of  two  or 
more  of  the  caudal  vertebra?,  completely  anchylosed,  and  fused 
into  a  single  mass.  It  is  usually  set  on  to  the  extremity  ot 
the  spine  at  an  angle  more  or  less  nearly  perpendicular  to  the 
axis  of  the  body;  and  it  affords  a  firm  basis  for  the  support  ot 
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oortf  tho  ?  'f  ierS,  °  the  tai1  (  rectr.ces  ”).  It  also  sup¬ 
ports  the  coccygeal  oil-gland,  and  can  be  raised  at  pleasure 

so  as  to  meet  the  bill,  when  the  operation  of  preening  is  in 
progress.  In  the  Ratite  Birds,  which  do  not  fly,  the  terminal 
joint  of  the  tail  is  not  ploughshare-shaped.  In  the  extraor¬ 
dinary  Jurassic  bird,  the  Archaeopteryx  macrura,  there  is  no 
a"d  tail  consists  of  Uventy  separate 
pair  of  ,’mill  f  t  fr0m  °',e  an0ther'  “nd  eacI>  carrying  a 

veneh-e  ^f  t'hf  rS’,°!’e  °?  eaCh  side  <%•  4°9)-  As  the 
vertebra  of  the  ploughshare-bone  are  distinct  from  one  an- 

is’to'h  embly0j  °,f  exlsu"g  birds,  the  tail  of  the  Ardurep- 

n  the  adnb  nf  a  Case,  of  tlle  Permanent  retention 

the  adult  of  an  embryonic  character.  In  the  increased 

ac™se,,he  miff.rfT’  "°'VeVer-  a"d  in  sonle  otherX 
.0  the  t™  Reptiles'  ^  a  decided  aPProa<* 

1  he  various  bones  which  compose  the  skull  of  Birds  become 


pmx 


*r  Articular  pwifoV of  ^“mand^e^  of  the  mandible 

Pterygoid  ;  pi  Palatine  ;  is  Int’erorbital’septum.  "  Jl'g  !  V  Quadrato-jugal ;  J. 


ten  tehpy,P«-eri0d  ,°f  !ife  m°[e  °r'eSS  completely  amalgamated, 
artirnl  hr  T*,  betwee,n  them  being  obliterated.  The  skull 
or  alobiibi  'Ut  1  1  ie  vertL'brai  column  by  a  single  hemispherical 
occfnS  ^°nd>'  e’  carned  uPon  the  basioccipital  and  ex- 
lhe  orblts,  are  of  large  size,  and  separated  by  an 

The  f  n  1  Sei?tUm’  iVhlC1  IS  0ften  not  completely  ossified 
he  facial  region  is  long,  and  the  nasal  bones  (fig.  400,  na) 

e  short,  so  that  the  external  nostrils  (except  in  Apteryx)  are 

2  T 
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placed  far  back.  The  lachrymal  bone  (fig.  4°°,  &)  is  usually 
a  large  and  distinct  bone,  articulating  with  the  frontal  and 

nasal  bones.  .  •  ,, 

The  “beak  ”  which  forms  such  a  conspicuous  feature  m  all 

birds,  consists  of  an  upper  and  lower  half  (the  “  superior  and 
«  inferior  mandible  ”  of  ornithologists).  The  upper  half  of  the 
beak  is  composed  principally  of  the  greatly  elongated  and 
coalescent  praemaxillse  (fig.  4°°>  pmx),  which  gne  o  & 


401. — Skull  of  young  Ostrich,  vtewed  from )(“V°£ ,(A  ;  V  Qondratc  ; 

Owen.)  of  Occipital  foramen  ;  so  ?  F thm old  ;  « Nasal ;  pm  Maxil- 

fa  1’arietal ;  />  Pterygoid  pwce^ .  /  *"1™ ^  ^ne ;  im  Pramaxilla  ;  /  Palatine 

fee^Tvomer  ;?Lachrymal  bone!  The  skull  being  that  of  a  young  bird,  the 


sutures  are 


“  frontal  processes”  above,  while  they  send  inwards  “palatine 
processes”  and  join  the  small  maxillae  behind.  1  he  l1!111”' 
Uvdy  complex  mandible  has  all  its  const, went  p.eces  tnsed 
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wmn?ne*  anothfr’  ar!d  the  tNV0  rami  are  also  joined  by  a  bony 
)  mphysis,  so  that  the  mandible  forms  a  single  piece  The 

“  boTC^  Wit"  T  T"1  D-  -terlemfon  of  a 

r.he’C  fa"eVfTnChyl°JSed  with  tbe  sk“''-  Articulated 
fonnc  Uel  l  h  ,  q“adrat?  bo”e  is  a  slender  bony  rod 

r  quadrato-jugal,”  in  the  middle  by  the 
Whf  f,  ’  ?•!  !n  front  by  the  maxilla  (fig.  400,  gj  ju  mx) 
fnr.,.  ,the  edible  is  depressed,  the  quadrate  bone’fs  thrust 

^d  Safnus  6  ^  >  the  descent  quadra to^uga 

and  juga!  pushes  on  the  maxilla,  thus  elevating  the  upper  half 

a  more  or  lei  1S,  ?°mmonly  articulated  with  the  Lull  hr 
more  or  less  movable  manner.  The  Parrots  possess  this 

mova  e  articulation  of  the  upper  half  of  the  beak  in  its 
S;ebirfcCt,0n-  b“  k  “is*S  “  a  less  complete,  m 

,:flle  lmaxlllf  of  birds.  as  before  remarked,  are  coinrjara 
lively  slender  bones;  but  they  send  inwards  ex  ensivelyXel 
oped  horizontal  processes  (■■  maxillo-palatine  p  ocesses  ”  ’ 

V  nch  may  form  a  large  portion  of  the  ha  d  pa  ate  The 

S=E£r3£S==3gs 

posed  to  found  the  following  divisions  of  Carinate  Buds  :-i  ° 

piff“St'^h“““T,eS“uhng  inW"di  developed  maxillo- 

■h=  palate.  The  -  tr""cUliVFrln,T''‘i  “  b°"f  to 

of  Prey,  Parrot,,  Cuckoo!  SSh™  -K’  V  obs.ol««-.  £*■  Birds 
Cormorants.  ’  &  ’  ro£ons>  Anserine  Birds,  Storks, 

2.  Schizognatha. — Maxillo-palatine  nrocewc  ,i, 

by  a  wider  or  narrower  cleft  Vmner  i  i  (le  maxillae  separated 

behind.  Ex.  Plovers  Gulls  IonS^and  Panted  in  front,  narrow 

Pigeons.  ’  Gulls’  d  enguins,  Cranes,  Fowls,  Sand -grouse, 

ilK'taSSS.  processes  separated  by  a  clef,. 
Woodpeckers.  ’  C  nt '  ^x%  ^  erching  Birds,  Swifts, 

AS:TtW„Irnre,b™dd  between  „,e 

division  includes  only  ,he  Tinamous  ala’ZmlrpZ)  T''iS 

menu™  SS”  “M  e?er  d^eloped.  though  rudi- 
Parrots  t'  *Zln  r  T°f sed  in  the  embryos  of  some 
mandible  are  shenih.H  "T  the  Pra:maxilfc,  maxilla:,  and 
Hie  extinct  oj  !  1  hor"’  instituting  the  “  beak.”  In 

aophrZ  \ onit  re«h  ’  C  0,l,er  hand'  as  a,so  A"U- 
in  a  groove  in  the  jaw  pre!,ent’  sunk  m  dlstmct  sockets  or 
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The  thoracic  cavity  is  bounded  behind  by  the  dorsal  verte¬ 
bras,  which  are  usually,  as  before  said,  anchylosed  with  one 
another  to  a  greater  or  less  extent.  Laterally,  the  thorax  is 
bounded  by  the  ribs,  which  vary  in  number  from  six  to  ten 
pairs.  In  all  birds,  certain  of  the  ribs  carry  a  peculiar  process 

_ the  “uncinate  process” — which  arises  from  its  posterior 

margin,  is  directed  upwards  and  backwards,  and  passes  over 
the  rib  next  in  succession  behind,  where  it  is  bound  down  by 
ligament  (fig.  403,  B).  The  first  and  last  doisal  ribs  cairj 
no  uncinate  processes,  and  in  some  cases  the  processes  con¬ 
tinue  throughout  life  as  separate  pieces.  _  Anteriorly,  the  ribs 
articulate  at  an  obtuse  angle  with  a  series  of  straight  bones, 
the  “sternal  ribs,”  which  are  in  turn  movably  articulated  to 
the  sternum  in  front,  and  “are  the  centres  upon  which  the 
respiratory  movements  hinge  ”  (Owen).  In  front,  the  thoracic 
cavity  is  completed  by  an  enormously-expanded  sternum  or 
breast-bone,  which  in  some  birds  of  great  powers  of  night 
extends  over  the  abdominal  cavity  as  well,  in  some  cases  even 
nearly  reaching  the  pelvis.  The  sternum  of  all  the  Carinate 
Birds  is  characterised  by  the  presence  of  a  greatly-developed 
median  ridge  or  keel  (fig.  4°3,  A),  to  which  are  attached  tie 
great  muscles  which  move  the  wings.  As  a  general  rule, 
size  of  this  sternal  crest  allows  a  very  tolerable  estimate  to  be 
formed  of  the  flying  powers  of  the  bird  to  which  it  may  have 
belonged;  and  in  Strigops  and  some  other  cases  it  is  very 
much  reduced  in  size.  In  the  Ratite  Birds,  again,  the  sternum 
is  rounded  and  has  no  keel.  At  its  anterior  angles  the  sternum 
exhibits  two  pits  for  the  attachment  of  the  coracoid  bones. 

The  pectoral  arch  (figs.  402,  403)  consists  of  a  scapula, 
coracoid,  and  clavicle  on  each  side.  The  scapula  (s)  is  a 
narrow  elongated  bone,  which  is  not  flattened  out  into  a  broad 
plate,  and  carries  no  transverse  ridge  or  spine.  In  tiont,  t  le 
scapula  articulates  with  the  upper  end  of  the  coracoid,  the  two 
together  forming  the  articulating  surface  for  the  head  of  the 
humerus.  The  coracoid  bone  on  each  side  is  always  the 
strongest  of  the  bones  forming  the  scapular  arch.  Superioi  y 
it  articulates  with  the  clavicle  and  scapula,  and  forms  part  o 
h«  glenoid  cavity  for  the  humerus.  Interiorly  each  coracotd 
bone  articulates  with  the  upper  angle  of  the  sternum,  lhe 
position  of  the  coracoids  is  more  or  less  nearly  vertical,  ■ 
that  they  form  fixed  points  for  the  action  of  the  wmgs  1 
their  downward  stroke.  '1  he  clavicles  (hg.  4° 3-  A>  ‘ ) a  ‘  * 

rudimentary  or  absent,  and  are  in  some  ew  cases  sq  * 
bones.  In  the  great  majority  of  birds,  however,  the  cla 
are  anchylosed  together  at  their  anterior  extremities,  so  as  to 


I 

1  . 


1 : 


F'E  plou'ghflwre-bone*;  ^a^Verfebral^rib  ““n-Edwarf^}  /Ilium;  , 

Sternum  ;  /  Femur’;  fi  Fibu  a  i  «'l"biA  ■Vpaie’lk  ■"  '’  t'A  UnC'nate  ',rucess  :  ■ 

Ku-^r1  ^  ^ 

ofXsam?;  ^MiX fin£  r;  7"  tt.*  °f  th*  '""***  ^A'dSMph^n 
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form  a  single  bone,  somewhat  V-shaped,  popularly  known  as 
the  “merry-thought,”  and  technically  called  the  “furcula”  or 
“  furculum  ”  (“  fourchette  ”  of  the  French).  The  outer  ex¬ 
tremities  of  the  furcula  articulate  with  the  coracoid;  and  the 
anchylosed  angle  is  commonly  united  by  ligament  or  by  bone 
to  the  top  of  the  sternal  keel.  The  function  of  the  clavicular 
or  furcular  arch  is  “  to  oppose  the  forces  which  tend  to  press 
the  humeri  inwards  towards  the  mesial  plane,  during  the 
downward  stroke  of  the  wing”  (Owen).  Consequently  the 
clavicles  are  stronger,  and  their  angle  of  union  is  more  open, 
in  proportion  to  the  powers  of  flight  possessed  by  each  bird. 
The  clavicles  remain  distinct  in  the  Emeu,  some  Parrots,  and 
some  Owls  ;  and  they  are  absent  in  the  Apteryx  and  some  of 

the  Parrots.  r  .  ,  ,  •  , 

We  have  next  to  consider  the  structure  of  the  bones  which 

compose  the  fore-limb  or  “wing”  of  the  bird;  and  as  tins 
oman  is  the  one  which  chiefly  conditions  the  peculiar  life  of 
the  bird,  it  is  in  it  that  we  find  some  of  the  most  characteristic 
points  of  structure  in  the  whole  skeleton.  Though  consider¬ 
ably  modified  to  suit  its  function  as  an  organ  of  aerial  progres¬ 
sion  the  wing  of  the  bird  is  readily  seen  to  be  homologous 
with  the  arm  of  a  man  or  the  fore-limb  of  a  Mammal  (figs..  402 
and  402).  The  upper  arm  ( brachium )  is  supported  by  a  single 
bone,  the  humerus  (fig.  4°3r  /'),  which  is  short  and  strong,  and 
articulates  above  with  a  glenoid  cavity,  formed  partly  oy  the 
scapula  and  partly  by  the  coracoid.  The  humerus  is  suc¬ 
ceeded  distally  by  the  fore-arm  ( antibrachium ),  constituted  by 
the  normal  two  bones,  the  radius  and  ulna  (/',  »),  of  which  the 
radius  is  the  smaller  and  more  slender,  and  the  ulna  the  larger 
and  stronger.  The  ulna  and  radius  are  followed  mferiorly 
by  the  bones  of  the  wrist  or  carpus ;  but  these  are  reduced  in 
number  to  two  small  bones,  one  radial  and  one  ulnar,  “so 
wedged  in  between  the  antibrachium  and  metacarpus  as 
to  limit  the  motions  of  the  hand  to  those  of  abduction  and 
adduction  necessary  for  the  folding  up  and  expansion  ol  t  ie 
win"  •  the  hand  is  thus  fixed  in  a  state  of  pronation ;  all 
power  of  flexion,  extension,  or  of  rotation,  is  removed  from  the 
K  joint,  SO  that  the  wing  strikes  firmly,  and  wtth  the  fuU 
force  of  the  contraction  of  the  depressoi  muscles,  upon 
resisting  air”  (Owen).  The  two  free  carpals,  which  alone 
remain,  belong  to  the  proximal  row  oi  the  carpus  In 
embryo,  however,  two  distal  carpals  are  present, jut  t lit 
unite  at  an  early  period  with  the  proximal  ends  of  the  meta 
carpals.  There  are  only  three  persistent  mctacarpa  ,  t 
outermost  of  the  normal  five  being  wanting  in  the  adult,  ana 
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the  three  which  remain  are,  in  all  living  birds,  anchylosed  with 
one  another  and  with  the  distal  carpals  to  form  a  single 
bone  (tigs.  402,  me,  403,  m).  This  bone,  however,  appears 
externally  as  if  formed  of  two  metacarpals  united  to  one 
another  at  their  extremities,  but  free  in  their  median  portion. 

he  metacarpal  bone  which  corresponds  to  the  radius  is 
a  wajs  the  larger  of  the  two  (as  being  really  composed  of  two 
metacarpals),  and  it  carries  the  digit  which  has  the  greatest 
number  of  phalanges..  This  digit  corresponds  with  the 
m  ex  nnger,  and  it  is  composed  of  two,  or  sometimes  three, 


b  "*Swrnum,^wfui ‘iheHsternari^el  ^'i'j^capuIa/^/t  i-'co  °f  (after 

merry-ihought,  composed  of  the  united  clavicles  Ilf ?  *  Fu^C“.,-a  °r 

/Thumb;  m  Metacarpus  ;  pp  Phalanges  of  the  finger”  „  Carousel?’ ’ 
Golden  Eagle  :  «  «  Ribs  giving  off  (i  b)  uncinate  processed  ;  “  Sternal’  ribs. 


rnhrn  1  S?  pg'  4°3,  At  the  Proximal  end  of  this  meta¬ 
carpal,  at  its  outer  side,  there  is  generally  attached  a  single 
phalanx,  constituting  the  so-called  “thumb”  (fig  40?  t) 
which  carries  the  “  bastard-wing,”  and  is  sometimes  furnished 
Mth  a  claw.  1  he  digit  which  is  attached  to  the  ulnar  meta- 
carpal  correspond  to  the  middle  finger,  and  very  rarely  con- 

an  d  Hfmre  than  a  S',nsIe  Phalanx  (%  4°3)-  In  the  Apteryx 
hand  ^  ^ass°wary  there  is  only  one  complete  digit  to  the 

As  regards  the  structure  of  the  posterior  extremity  or  hind- 
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limb,  the  pieces  which  compose  the  innominate  bones  (namely, 
the  ilium,  ischium,  and  pubes)  are  always  anchylosed  with  one 
another ;  and  the  two  innominate  bones  are  also  always  an¬ 
chylosed,  by  the  medium  of  the  greatly-elongated  ilia,  with  the 
sacral  region  of  the  spine.  In  no  living  bird,  howevei,  with 
the  single  exception  ot  the  Ostrich,  are  the  innominate  bones 
united  in  the  middle  line  in  front  by  a  symphysis  pubis.  The 
stability  of  the  pelvic  arch  necessary  in  animals  which  sup¬ 
port  the  weight  of  the  body  on  the  hind-limbs  alone,  is  amply 
secured  in  all  ordinary  cases  by  the  anchylosis  of  the  ilia  with 
the  sacrum.  The  pelvis  of  birds  is  remarkable  for  the  great 
elongation  of  the  ilia  (fig.  404,  //),  which  extend  almost  as  far 


Fig. 


,D,  -side  view  of  the  right  side  of  the  pelvis  of  an  adult  Fowl  reduced  in  size. 
(After  W  K  Parker.)  II  Ilium  ;  Is  Ischium  ;  Pi  Pubis  ;  dl  Dorso-lumbar  vertebra, 
Cd  Caudal  vertebra;  ;  Am  Acetabulum,  with  its  perforated  floor. 


behind  the  acetabulum  as  they  do  in  front  of  it.  1  he  ischium 
and  pubis  extend  backwards,  nearly  parallel  with  the  axis  of 
the  ilium,  the  latter  (fig.  404,  Pb)  being  a  slender  curved  bone 
and  neither  of  them  uniting  with  the  sacrum.  '1  he  floor  ot 
the  articular  cavity  (acetabulum)  into  which  the  head  ot  t  le 
femur  is  received  is  incompletely  ossified,  and  exhibits  a  larger 

or  smaller  perforation  (fig.  404,  Am).  . 

As  in  the  higher  Vertebrates,  the  lower  limb  (fig.  4°5>  A> 
consists  of  a  femur,  a  tibia  and  fibula,  a  tarsus,  metatarsus, 
and  phalanges ;  but  some  of  these  parts  are  considerably 
obscured  by  anchylosis.  The  femur  or  thigh-bone  (tig.  405, 
A  /)  is  very  short,  comparatively  speaking.  A  “patella,  or 
sesamoid  bone  in  the  tendon  of  the  extensor  muscle  of  the  leg, 
is  developed.  The  chief  bone  of  the  leg  is  the  tibia  (/),«> 
which  a  thin  and  tapering  fibula  (r)  is  anchylosed.  1  he  upper 
end  of  the  fibula,  however,  articulates  with  the  external  con 
dyle  of  the  femur.  The  ankle-joint  is  placed,  as  in  Reptiles, 
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between  the  proximal  and  distal  portions  of  the  tarsus.  The 
proximal  portion  of  the  tarsus,  representing  apparently  the 
astragalus  and  calcaneum,  becomes  undistinguishably  amal¬ 
gamated  with  the  lower  end  of  the  tibia,  which  latter  bone 
is  therefore  best  spoken  of  as  the  “  tibio-tarsus.”  The  distal 
row  of  tarsal  bones  becomes  anchylosed  with  the  second, 
third,  and  fourth  metatarsals  to  constitute  the  most  character- 


Fk 


.  4°5.— A  Hmd-hml,  of  the  Loon iJCafymius  glacialisY- after  Owen  :  i  Innominate 
bone  ,  /  I  htgh-bone  or  femur  ;  t  1  ibia,  with  the  proximal  portion  of  the  tarsus  an¬ 
chylosed  to  its  lower  end  ;  »-  Fibula  :  m  Tarso-metatarsus,  consisting  of  the  distal 
portion  of  the  tarsus  anchylosed  with  the  metatarsus  ;  fi  p  Phalanges  of  the  toes. 
B,  Ian  ot  the  Golden  Lagle  ;  *  Ploughshare-bone,  carrying  the  great  tail-feathers. 


lstic  bone  in  the  leg  of  the  Bird— the  “  tarso-metatarsus  ”  (m). 
In  most  of  the  long-legged  birds,  such  as  the  Waders,  the 
disproportionate  length  of  the  leg  is  given  by  an  extraordinary 
elongation  of  the  tarso-metatarsus.  The  lower  end  of  the 
tarso-metatarsus  terminates  in  three  articular  surfaces  for  the 
second,  third,  and  fourth  digits  of  the  foot  (when  these  are 
present).  1  he  first  metatarsal,  corresponding  with  the  hallux, 
is  not  fused  with  the  tarso-metatarsus,  but  is  generally  present 
as  a  free  bony  spine,  placed  at  the  distal  end  of  the  tarso-meta- 
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tarsus,  and  joined  to  it  by  ligament.  Parker  has  shown  that  a 
proximal  rudiment  of  the  first  metatarsal  is  present  as  well  in 
the  embryo. 

The  tarso-metatarsus  is  followed  inferiorly  by  the  digits  of 
the  foot.  In  most  birds  the  foot  consists  of  three  toes  directed 
forwards  and  one  backwards — four  toes  in  all.  In  no  wild 
bird  are  there  more  than  four  toes,*  but  often  there  are  only 
three,  and  in  the  Ostrich  the  number  is  reduced  to  two.  In 
all  birds  which  have  three  anterior  and  one  posterior  toe,  it  is 
the  posterior  thumb  or  hallux  (that  is  to  say,  the  innermost 
digit  of  the  hind-limb)  which  is  directed  backwards  ;  and  it 
invariably  consists  of  two  phalanges  only,  its  metatarsal,  as 
above  mentioned,  being  incomplete  and  united  as  a  rule  to 
the  tarso-metatarsus  by  ligament  only.  The  most  internal  of 
the  three  anterior  toes  (the  “index”)  consists  of  three  phal¬ 
anges  ;  the  next  (“  middle  ”)  has  four  phalanges j  and  the 
outermost  toe  (“annularis”)  is  made  up  of  five  phalanges 
(fig.  405,  A).  This  increase  in  an  arithmetical  ratio  of  the 
phalanges  of  the  toes,  in  proceeding  from  the  inner  to  the 
outer  side  of  the  foot,  obtains  in  most  birds,  and  enables  us 
readily  to  detect  which  digit  is  suppressed,  when  the  normal 
four  are  not  all  present.  In  no  bird,  living  or  extinct,  is  the 
fifth  or  outermost  toe  developed.  Variations  of  different  kinds 
exist,  however,  in  the  number  and  disposition  of  the  toes.  In 
many  birds— such  as  the  Parrots — the  outermost  toe  is  turned 
backwards,  so  that  there  are  two  toes  in  front  and  two  behind, 
whilst  in  the  Trogons  the  inner  toe  is  turned  back  with 
the  hallux,  and  the  outermost  toe  is  turned  forwards.  In 
others,  again,  the  outer  toe  is  normally  directed  forwards,  but 
can  be  turned  backwards  at  the  will  of  the  animal.  In  the 
Swifts,  on  the  other  hand,  all  four  toes  are  present,  but  they 
are  all  turned  forwards.  In  many  cases — especially  amongst 
the  Natatorial  birds— the  hallux  is  wholly  wanting,  or  is  rudi¬ 
mentary.  In  the  Emeu,  Cassowary,  Bustards,  and  other 
genera,  the  hallux  is  invariably  absent,  and  the  foot  is  three¬ 
toed.  In  the  Ostrich  both  the  hallux  and  the  next  toe 
(“index”)  are  wanting,  and  the  foot  consists  simply  of  two 
toes,  these  being  the  third  and  fourth  digits. 

The  digestive  system  of  birds  comprises  the  beak,  tongue, 
gullet,  stomach,  intestines,  and  cloaca.  Teeth  are  invariably 
wanting  in  living  birds,  and  the  jaws  are  encased  in  horn, 

*  In  some  of  the  domestic  breeds  of  the  Fowl  there  is  an  additional 
toe  developed,  making  the  foot  five -toed;  but  the  supernumerary  digit 
is  on  the  inner  side  of  the  foot,  and  does  not  represent  the  fifth  or 
little  toe. 


AYES. 


667 

constituting  the  bill.  In  the  extinct  Odontopteryx  the  os¬ 
seous  substance  of  the  jaws  is  prolonged  into  tooth-like  pro¬ 
cesses  of  two  sizes  ;  and  in  the  Odontormthes  of  the  Cretaceous 
period  the  jaws  are  furnished  with  true  teeth  implanted  in 
distinct  sockets.  The  form  of  the  bill  varies  enormously  in 
different  birds,  and  it  is  employed  for  holding  and  tearing  the 
prey,  for  prehensile  purposes,  for  climbing,  and  in  some  birds 
as  an  organ  of  touch.  In  these  last-mentioned  cases  the  bill 
is  more  or  less  soft,  and  is  supplied  with  filaments  of  the  fifth 
nerve.  In  many  birds,  too,  in  which  the  bill  is  not  soft,  the 
base  of  the  upper  mandible  is  covered  by  a  patch  of  naked 
skin,  constituting  what  is  called  the  “cere,”  and  this,  no 
doubt,  serves  also  as  a  tactile  organ. 

The  tongue  of  birds  can  hardly  be  looked  upon  as  an  organ 
of  taste,  since  it  is  generally  cased  in  horn,  like  the  mandibles. 
It  is,  in  fact,  principally  employed  as  an  organ  of  prehension  ; 
but  in  some  cases — as  in  the  Parrots — it  is  soft  and  fleshy,  and 
then,  doubtless,  is  to  some  extent  connected  with  the  sense 
of  taste.  It  is  essentially  composed  of  a  prolongation  of  the 
hyoid  bone  (the  glosso-hyal),  which  is  sheathed  in  horn,  and 
is  variously  serrated  or  fringed. 

Salivary  glands  are  invariably  present,  but  they  are  rarely  of 
large  size  (they  are  very  large  in  the  Woodpeckers  and  Swifts), 
and  they  have  often  a  very  simple  structure. 

In  accordance  with  the  structure  of  the  neck,  the  gullet  in 
birds  is  usually  of  great  length,  and  it  is  generally  very  dilat¬ 
able.  In  general  the  oesophagus  is  dilated  inferiorly  into  a 
pouch,  which  is  situated  at  the  lower  part  of  the  neck,  just  in 
front  of  the  merry-thought.  This  is  known  as  the  “crop”  or 
“  ingluvies  ”  (fig.  406,  in),  and  it  may  either  be  a  mere  dila¬ 
tation  of  the  tube  of  the  gullet,  or  it  may  be  a  single  or  double 
pouch.  The  food  is  detained  in  the  crop  for  a  longer  or 
shorter  time,  according  to  its  nature,  before  it  is  subjected  to 
the  action  of  the  proper  digestive  organs.  The  oesophagus, 
after  leaving  the  crop,  shortly  opens  into  a  second  cavity, 
which  is  known  as  the  “  proventriculus  ”  or  “  ventriculus  suc- 
centuriatus  ”  (pr).  This  is  the  true  digestive  cavity,  and  its 
mucous  membrane  is  richly  supplied  with  gastric  follicles 
which  secrete  the  gastric  juice.  The  proventriculus,  however, 
corresponds,  not  with  the  whole  stomach  of  the  Mammals, 
but  only  with  its  cardiac  portion  ;  and  it  opens  into  a  second 
muscular  cavity  (gizzard),  which  corresponds  to  the  pyloric  divi¬ 
sion  of  the  Mammalian  stomach.  The  gizzard  (gi)  is  situated 
below  the  liver,  and  forms  an  elongated  sac,  having  two  aper¬ 
tures  above,  of  which  one  conducts  into  the  duodenum,  or  com- 
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mencement  of  the  small  intestine,  whilst  the  other  communicates 
with  the  proventriculus.  The  two  chief  forms  of  gizzard  are 
exhibited  respectively  by  the  Raptorial  Birds,  which  feed  on 
easily-digested  animal  food,  and  those  birds  which,  like  howls, 

Pigeons,  and  the  game 
birds  generally,  feed  on 
hardly  -  digested  grains. 
In  the  Birds  of  Prey  the 
gizzard  scarcely  deserves 
the  name,  being,  as  a 
rule,  nothing  more  than 
a  wide  membranous  cav¬ 
ity  with  thin  walls.  In 
the  granivorous  birds, 
whose  hard  food  requires 


gizzard 


is 


Fig.  406.— Alimentary  canal  of  a  Fowl.  _  a’  Oeso¬ 
phagus;  in  Crop ;  pr  Proventriculus;  ^'Gizzard; 
d  Duodenum  ;  sm  Lower  part  of  small  intes¬ 
tine;  ic  Intestinal  emeu  ;  r  Rectum  :  cl  Cloaca  ; 
l  Liver  ;  gb  Gall  -  bladder  ;  p  Pancreas  ;  u  u 
Ureters’;  ov  Left  oviduct  (the  right  oviduct  is 
rudimentary). 


crushing,  the 
enormously  developed  ; 
its  lining  coat  is  formed 
of  a  thick,  horny  epithe¬ 
lium,  and  its  walls  are 
extremely  thick  and  mus¬ 
cular.  This  constitutes 
a  grinding  apparatus,  like 
the  stones  of  a  mill  ; 
whilst  the  “  crop  ”  or 
oesophageal  dilatation 
may  be  compared  to  the 
“hopper”  of  a  mill,  since 
it  supplies  to  the  giazard 
“  small  successive  quan¬ 
tities  of  food  as  it  is 
wanted”  (Owen).  Sup¬ 
plementing  the  action  of 
the  muscular  walls  of  the 
gizzard,  and  acting  in  the 
place  of  teeth,  are  the 
small  stones  or  pebbles, 
which,  as  is  so  well 
known,  so  many  of  the 
granivorous  birds  are  in 
food,  or  at  other  times, 
be  present,  and  is  often 


the  habit  of  swallowing  with  their 
A  pyloric  valve  may  or  may  not  be  present, 
wanting  in  birds  living  on  grains  or  fruit.  _ 

The  intestinal  canal  extends  from  the  gizzard 
and  is,  comparatively  speaking,  short.  The  secretions 


to  the  cloaca, 
of  the 
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liver  and  pancreas  are  poured  into  the  small  intestine,  as  in 
Mammals.  A  gall-bladder  is  usually  present,  but  is  sometimes 
wanting  (Parrots,  Pigeons,  &c.).  The  commencement  of  the 
large  intestine  is  generally  provided  with  a  pair  of  “cEeca”  or 
blind  tubes,  the  length  of  which  varies  a  good  deal  in  different 
birds  (fig.  406,  ic).  They  are  sometimes  wanting  (Parrots, 
&c.),  or  there  maybe  only  one;  and  their  exact  function  is 
uncertain ;  though  they  are  most  probably  connected  partly 
with  digestion  and  partly  with  excretion.  The  large  intestine 
is  always  very  short— seldom  more  than  a  tenth  part  of  the 
length  of  the  body — and  it  terminates  in  the  “cloaca”  (fig. 
406,  cl).  This  is  a  cavity  which  in  all  birds  receives  the  ter¬ 
mination  of  the  rectum,  the  ducts  of  the  generative  organs, 
and  the  ureters ;  and  serves,  therefore,  for  the  expulsion  of  the 
feces,  the  generative  products,  and  the  urinary  secretion. 

Respiration  is  effected  in  Birds  more  completely  and  actively 
than  in  any  other  class  of  the  Vertebrata,  and  as  the  result  of 
this,  their  average  temperature  is  also  higher.  This  extensive 
development  of  the  respiratory  process  is  conditioned  by  the 
fact  that  air  is  admitted  not  only  into  the  lungs,  but  also  into 
a  greater  or  less  number  of  the  bones,  and  into  a  number  of 
cavities— the  so-called  air-receptacles — which  are  distributed 
through  various  parts  of  the  body,  and  which  are  present  in 
all  birds  except  the  Apteryx.  By  this  extensive  penetration 
of  air  into  various  parts  of  the  body,  the  aeration  of  the  blood 
is  effected  not  only  in  the  lungs,  but  also  over  a  greater  or  less 
extent  of  the  systemic  circulation  as  well ;  and  hence  in  Birds 
this  process  attains  its  highest  perfection.  The  cavities  of  the 
thorax  and  abdomen  are  not  separated  from  one  another  by  a 
complete  partition,  the  diaphragm  being  mostly  only  present 
in  a  rudimentary  form.  The  lungs  are  two  in  number,  of  a 
bright-red  colour,  and  spongy  texture.  They  are  confined  to 
the  back  of  the  thorax,  extending  along  each  side  of  the  spine, 
from  the  second  "dorsal  vertebra  to  the  kidney.  They  differ 
frorn  the  lungs  of  the  Mammals  in  not  being  freely  suspended 
in  a  pleural  membrane.  The  pleura,  on  the  other  hand,  is 
reflected  only  over  the  anterior  surface  of  the  lungs.  The 
bronchi,  or  primary  divisions  of  the  windpipe  (fig.  407), 
diminish  in  size  as  they  pass  through  the  lung,  by  giving  off 
branches,  which  in  turn  give  off  the  true  air-vesicles  of  the 
lung.  \\  hen  the  bronchial  tubes  reach  the  surface  of  the  lung, 
they  open,  by  a  series  of  distinct  apertures,  into  a  series  of 
air-sacs.”  1  hese  are  a  series  of  membranous  sacs  formed  by 
the  continuation  of  the  lining  membrane  of  the  bronchi,  and 
supported  by  reflections  of  the  serous  membrane  of  the  thora- 
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cico-abdominal  cavity.  There  are  nine  proper  air-sacs — two 
abdominal  (the  only  ones  present  in  some  birds,  such  as  the 
Penguin),  two  in  the  hinder  part  of  the  thorax,  two  in  the 
front  part  of  the  thorax,  two  on  the  sides  of  the  neck,  and  one 

between  the  branches  of  the  fur- 
cula.  The  air  -  cells  not  only 
reduce  the  specific  gravity  of 
birds,  and  thus  fit  them  for  an 
aerial  life,  but  also  assist  in  the 
mechanical  work  of  respiration, 
and  must  also  greatly  promote 
the  aeration  of  the  blood. 

In  connection  with  the  air-re¬ 
ceptacles,  and  as  an  extension  of 
them,  is  a  series  of  cavities  oc¬ 
cupying  the  interior  of  a  greater 
or  less  number  of  the  bones,  and 
also  containing  air.  In  young 
birds  these  air -cavities  do  not 
exist,  and  the  bones  are  filled  with 
marrow,  as  in  the  Mammals.  The 
extent,  also,  to  which  the  bones 
are  “  pneumatic  ”  varies  greatly 
in  different  birds.  In  the  Pen¬ 
guin — which  does  not  fly — all  the 
bones  contain  marrow,  and  there 
are  no  air-cavities.  In  the  Ratite 
Birds  (Ostrich,  &c.)  the  pneuma- 
ticity  of  the  bones  is  greatly  dim¬ 
inished,  air  being  admitted  to 
some  of  the  cranial  bones,  and 
in  general  to  the  femur,  but  the 
majority  of  the  bones  being  filled 
with  marrow.  On  the  other  hand,  in  some  cases  (Pelican, 
Gannet,  Hornbill,  &c.)  almost  all  the  bones  of  the  skele¬ 
ton  are  pneumatic,  even  the  very  phalanges  of  the  toes  in 
some  cases  having  the  air  admitted  to  their  interior.  The 
functions  discharged  by  the  air-cavities  of  the  bones  appear 
to  be  much  the  same  as  those  of  the  air-receptacles — namely, 
that  of  diminishing  the  specific  gravity  of  the  body  and  sub¬ 
serving  the  aeration  of  the  blood. 

The  heart  in  all  Birds  is  four-chambered,  the  right  and  left 
sides  of  the  heart  being  completely  separated  from  one  an¬ 
other,  and  no  direct  communication  taking  place  between  the 
systemic  and  pulmonary  circulations.  The  venous  blood  is 


b 

Fig.  407. — Lung  of  Goose  (after  Owen). 
a  Main  bronchus  dividing  into  sec¬ 
ondary  branches  as  it  enters  the  lung, 
these  giving  off  smaller  branches,  the 
openings  of  which  are  seen  on  the 
back  of  the  bronchial  tubes  ;  b  b  Bris¬ 
tles  passed  from  the  bronchi  through 
the  apertures  on  the  surface  of  the 
lung  by  which  the  bronchi  communi¬ 
cate  with  the  air-receptacles. 
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returned  from  the  body  to  the  right  auricle  by  two  superior 
venae  cavae  (as  in  Reptiles)  and  a  single  inferior  vena  cava. 
1  he  right  auriculo-ventricular  opening  is  protected  by  a  strong 
muscular  valve,  and  the  right  ventricle  is  thin-walled,  and 
wraps  partially  round  the  left  ventricle.  The  right  ventricle 
propels  the  venous  blood  to  the  lungs  through  the  pulmonary 
artery,  the  base  ot  which  is  furnished  with  semilunar  valves. 
After  aeration,  the  blood  is  returned  to  the  left  auricle  by  the 
pulmonary  veins,  and  then  is  driven  into  the  thick-walled  left 
ventricle.  From  this  arises  the  systemic  aorta,  which  turns 
over  the  right  bronchus,  the  left  aorta  not  being  developed. 
The  aorta  divides  almost  immediately  above  its  origin  into 
the  right  and  left  innominate  arteries,  and  is  continued  below 
the  spine  as  the  dorsal  aorta. 

In  accordance  with  their  extended  respiration  and  high 
muscular  activity,  the  complete  separation  of  the  greater  and 
lesser  circulations,  and  the  perfect  structure  of  the  heart,  Birds 
maintain  a  higher  average  temperature  than  is  the  case  with 
any  other  class  of  the  Vertebrata.  This  result  is  also  to  a 
considerable  extent  conditioned  by  the  non-conducting  nature 
of  the  combined  down  and  feathers  which  form  the& integu¬ 
mentary  covering  of  Birds. 

The  elongated,  generally  three-lobed  kidneys  lie  in  the  hol¬ 
lows  on  either  side  of  the  front  of  the  “sacrum.”  The  ureters 
open,  along  with  the  ducts  of  the  generative  glands,  into  a  kind 
of  pouch  (urogenital  chamber)  of  the  dorsal  wall  of  the  cloaca. 
The  urine  is  semi-solid,  containing  a  large  amount  of  urates. 

As  regards  the  reproductive  organs,  the  males  have  two  testes 
placed  above  the  upper  extremities  of  the  kidneys,  and  their 
efferent  ducts  (yasa  deferential)  open  into  the  cloaca  alongside 
of  the  ureters.  A  male  organ  (penis)  may  or  may  not  be 
present,  but  there  is  no  perfect  urethra.  The  female  bird  is 
provided  with  only  one  ovary  and  oviduct — that  of  the  left 
side— the  corresponding  organs  of  the  right  side  being  rudi¬ 
mentary  or  absent.  The  oviduct  is  very  long  and  tortuous, 
and  the  egg,  during  its  passage  through  it,  receives  the  albu¬ 
minous  covering  which  serves  for  the  nutrition  of  the  embryo, 
and  which  is  known  as  the  “white”  of  the  egg.  The  lower 
portion  of  the  oviduct  is  dilated,  and  the  egg  receives  here  the 
calcareous  covering  which  constitutes  the  “shell.”  Finally, 
the  oviduct  debouches  into  the  cloaca,  into  which  the  egg’ 
when  ready,  is  expelled.  The  further  development  of  the 
chick  is  commonly  secured  by  the  process  of  “incubation” 
or  brooding,  for  which  birds  are  peculiarly  adapted,  in  conse¬ 
quence  of  the  high  temperature  of  their  bodies. 
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The  ovum  of  Birds  is  of  relatively  very  large  size,  and  not 
only  is  impregnation  internal,  but  segmentation  of  the  yolk  is 
completed  before  the  egg  is  laid.  When  development  has 
proceeded  so  far  that  external  life  is  possible,  the  chick  makes 
an  aperture  in  the  shell  by  which  it  escapes,  the  tip  of  the 
upper  mandible  being  provided  for  this  purpose  with  a  tem¬ 
porary  calcareous  knob,  which  subsequently  disappears.  The 
state  of  the  young  upon  exclusion  from  the  egg  is  very  dif¬ 
ferent  in  different  cases.  In  some  groups  of  Birds  (Aves 
prcecoces )  the  young  bird  is  covered  with  down,  and  is  able  to 
mn  about  and  help  itself  from  the  moment  of  its  liberation 
from  the  egg.  In  other  cases,  again  ( Ares  altrices),  the  young 
are  born  in  a  naked  and  helpless  state,  and  require  to  be 
brooded  over  and  fed  by  the  parents  for  a  longer  or  shorter 
time  after  exclusion  from  the  egg.  There  are,  however,  cases 
(e.g.,  the  Herons)  in  which  the  young  are  covered  with  down 
when  born,  but  are  nevertheless  quite  helpless  for  some  time 
after  hatching. 

The  brain  of  Birds  is  relatively  larger  than  that  of  Reptiles, 
especially  as  regards  the  size  of  the  cerebrum.  1  he  ceiebial 
hemispheres  do  not  extend  backwards  over  the  cerebellum, 
but  they  cover  the  mid-brain,  lhe  surface  of  the  hemispheres 
is  devoid  of  convolutions,  and  the  corpus  callosum  is  not  de¬ 
veloped.  The  optic  lobes  are  of  large  size,  and  are  laterally 
displaced.  The  cerebellum  is  not  so  highly  developed  as  in 
Mammals,  there  being  no  pons  Varolii,  but  rudimentary 
lateral  lobes  (flocculi)  are  present. 

As  regards  the  organs  of  the  senses,  the  eyes  are  always  well 
developed,  and  in  no  bird  are  they  ever  rudimentary  or  absent. 

The  chief  peculiarity  of  the  eye  (fig.  4°8)  is  that  the  cornea 
forms  a  segment  of  a  much  smaller  sphere  than  does  the  eye¬ 
ball  proper,  so  that  the  anterior  part  of  the  eye  is  obtusely 
conical,  whilst  the  posterior  portion  is  spheroidal.  Another 
peculiarity  is  that  the  form  of  the  eye  is  maintained  by  a  ring 
of  from  thirteen  to  twenty  bony  plates,  which  are  placed  in 
the  anterior  portion  of  the  sclerotic  coat.  1  he  structure 
known  as  the  “pecten”  (fig.  408,  /)  is  a  peculiar  vascular  told 
of  the  choroid  which  projects  into  the  eyeball  from  its  hinder 
wall  and  which  is  folded  longitudinally  like  a  fan.  It  is  very  H 
rarely  wanting  {Apteryx),  but  its  use  is  not  known.  Besides 
the  upper  and  lower  eyelids,  Birds  possess  the  “  third  eyelid 
or  “  membrana  nictitans.”  This  is  a  membranous  fold,  some¬ 
times  pearly-white,  sometimes  more  or  less  transparent,  which 
is  placed  internal  to  the  proper  eyelids  on  the  inner  side  ot 
the  eye,  over  the  anterior  surface  of  which  it  can  be  drawn 
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{•  lg.  408.— Section  of  the  eye  of  a 
Bird  (after  Macgillivray).  an 
Sclerotic ;  bb  Choroid  ;  c  Ciliary 
muscle;  d  Lens  ;  ee  Iris; /Cor¬ 
nea  ;  g  Optic  nerve  ;  i  Pecten. 
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like  a  curtain,  moderating  a  too  great  intensity  of  light.  As 
to  the  organ  of  hearing,  most  birds  possess  no  external  ear  or 
amide,  by  which  sounds  can  be  collected  and  transmitted 
to  the  internal  ear.  In  some  birds,  however,  as  in  the  Ostrich 
anil  Bustard,  the  external  meatus 
auditorius  is  surrounded  by  a  circle 
of  feathers,  which  can  be  raised 
and  depressed  at  will.  The  Owls, 
also,  have  the  external  meatus  au¬ 
ditorius  protected  by  a  musculo- 
membranous  valve,  which  foreshad¬ 
ows  the  external  ear  of  the  major¬ 
ity  of  Mammals.  The  external 
nostrils  in  Birds  are  usually  placed 
on  the  sides  ot  the  upper  mandible, 
near  its  base,  in  the  form  of  simple 
perforations,  which  sometimes  com¬ 
municate  from  side  to  side  by  the 
deficiency  of  the  septum  narium. 

In  the  singular  Apteryx  of  New  Zealand,  the  nostrils  are 
placed  at  the  extreme  end  or  tip  of  the  elongated  upper 
mandible.  Sometimes  the  nostrils  are  defended  by  bris¬ 
tles,  and  sometimes  by  a  scale  (Gallince).  Taste  must  be 
absent,  or  almost  absent,  in  the  great  majority  of  birds,  the 
ngue  being  nothing  more  than  a  horny  sheath  surrounding 
a  process  of  the  hyoid  bone,  and  serving  for  deglutition  or  to 

ancTfi  Hn1,rCy'  1  n  116  Parrots’.  hovvever,  the  tongue  is  thick 
and  fleshy,  and  some  perception  of  taste  may  be  present 

rouch  or  tactile  sensibility,  too,  as  already  remarked  is  very 
poorly  developed  m  Birds.  The  body  is  entirely  or  almost 
entirely,  covered  with  feathers;  the  anterior  limbs  are  con¬ 
verted  into  wings,  and  rendered  thereby  useless  as  organs  of 
touch ;  and  the  posterior  limbs  are  covered  with  horny  scales 
or  feathers.  The  bill,  certainly,  officiates  as  an  organ  of 

bbdsh’ifbUt  11  CanT-  P°SSeSS  any  aCUte  sensibility,  as  in  most 
birds  it  is  encased  in  a  rigid  horny  sheath.  In  some  birds 

modern^  ,SUChr.aS  the  common  Duck,  the  texture  of  the  bill  is 
ately  sott,  and  it  is  richly  supplied  with  filaments  of  the 

tu  "TV  S,°,  t  lal-  m  these  cases  the  bil1  doubtless  consti- 

the  fl  ai  em,b7  Cffi?ent  ,tactlle  orSan‘  The  “  cere,”  too,  or 

in  -ill  ,  ^i  S<?ar  ol!1K  at  1 1S  Pase  of  tbe  bbl  ‘n  some  birds,  is 
all  probability  also  used  as  a  tactile  organ. 

notiJ\>?  anat?m‘Cal  Pecuharity  of  Birds  which  requires 
o  “7  /PKC  iar  apparatus  known  as  the  “  inferior  larynx,” 
syrinx,  by  which  the  song  of  the  singing  birds  is  con- 

2  U 
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ditioned  “The  air-passages  of  birds  commence  by  a  simple 
superior  larynx,  from  which  a  long  trachea  extends ;  to the  an¬ 
terior  aperture  of  the  thorax,  where  it  divides  into  the  two 
bronchi ,  one  for  each  lung.  At  the  place  of  its  division,  there 
exists  in  most  birds  a  complicated  mechanism  of  bones  and 
cartilages,  moved  by  appropriate  muscles,  and  constituting  t  le 
true  organ  of  voice ;  this  part  is  termed  the  inferior 
(Owen).  The  inferior  larynx  may  be  developed  from  the 
trachea  only,  before  the  division  of  this  tube  into  the  bronchi  ; 
or  it  may  be  developed  wholly  from  the  bronchi ,  or,  lastly , 
and  more  commonly,  it  may  be  developed  at  the  junction  o 
the  trachea  and  bronchi  and  out  of  both.  The  structure  of 

the  vocal  apparatus  is  complicated,  and  there  is  no  nece  > 

•  _  Tf  hp  rpmemnei 


the  vocal  apparatus  is  cuiii^n^^,  .  ~ 

for  entering  upon  it  here.  It  »  to  be  howev^. 


tor  entering  upon  u  ncic.  u  ^  w  -----  ■ 

that  those  modifications  of  the  voice  which  constitute  the 
son®'  of  birds,  are  produced  in  a  special  and  complex  cavity 
placed  at  or  near  the  point  where  the  trachea  divides  into  the 
It  bronchi"  nd  a  true  larynx  situated  a,  «*  —  ‘ 

of  the  windpipe.  The  syrinx  is  wanting  in  a  ewb  r  (  •*•> 
the  Rat  it  a).  Lastly,  the  trachea  of  birds  is  always  of  c 
siderable  proportionate  length,  and  it  is  often  twisted  or  dilated 
at  intervals,  this  structure,  doubtless,  having  something  to  do 
with  the  production  of  vocal  sounds. 

_  • f ^  rnnQUiP 


BeforePpassing0  on  to  the  consideration  of  the  divisions  of 
_  *  i  .  no  tn  mi crmtioji  of  birds. 


Bi»3s°^be  srid  .  .o  the 
In  temperate  and  cold  climates  comparatively  fe^J)“d”e“^r 
constantly  in  the  same  region  in  which  they  were  hate  • 
Those  which  do  so  remain  are  called  “  J 

manentes).  Other  birds,  such  as  the  Woodp^ken,  ™dor 
about  from  place  to  place,  without  having  any  fixed  direc  on- 
These  are  called  “wandering  birds  '  (aves 

irregular  movements  are  chiefly  conditioned  by  the  scaraty 
or  abundance  of  food  in  any  particular  locality.  Other  Dire  , 
however,  at  certain  seasons  of  the  year  undertalce  long  jour¬ 
neys  usually  uniting  for  this  purpose  into  large  flocks,  lhese 
S ’-such  as  the  Swallows,  for  instance-are  properly  called 
“moratory  birds”  (aves  migratorice).  The  movements  of 

these  birds  are  conditioned  partly  by  the  necessity  that  the 
mest  onus  a.  1  ,  ,  rprtam  mean  tern- 


Denture  'and "partly  because  a  region  which  might  be  suffi- 
demi  suitable  for  the  adult  might  be  either  too  hot  or  oo 
cold  to  permit  of  the  young  being 


I 


I 


adult  has  of  finding  a  region  which  has  a  certain  mean  tern- 


'  I 
I 


AVES. 


675 


.  s  regards  their  distribution  in  time ,  Birds,  from  their  aerial 
mode  of  life,  are  not  so  liable  to  be  preserved  in  the  fossil 
condition  as  are  animals  which  are  essentially  aquatic.  For 
t  ns  reason  among  others,  our  knowledge  of  the  past  history 
of  the  Birds  is  exceedingly  imperfect.  No  remains  of  Birds 
have  hitherto  been  found  in  the  Palaeozoic  rocks.  The  earliest 
undoubted  fossil  bird  is  the  singular  and  aberrant  Archmpteryx 

Wn°r  7  dls.cov,ereTd  remains  of  which  (two  specimens)  have 
been  found  in  the  Jurassic  rocks.  Towards  the  close  of  the 

fesozoic  period,  in  the  Cretaceous  period,  Birds  not  strikingly 
dittdent  from  existing  types  make  their  appearance,  and  along 

'•  Toothed6  iTh  n’’Geti  Wi'th  tHe  remains  of  the  extraordinary 
ir?S’  whlch  constltute  the  division  of  the  Odontor- 

on  I  1  KChTCterS  °f  th6Se  Wil1  be  briefly  spoken  of  later 
on.  Lastly,  by  the  time  we  reach  the  middle  of  the  Tertiary 

period,  almost  all  great  existing  groups  of  Birds  are  represented 

v k1  el \,S  1  fr  i n  1  ^ CS '  ?°mG  °f  th®  Tertiar7  Birds>  however,  differ 
videfy  from  any  forms  now  in  existence. 


CHAPTER  LX. 

DIVISIONS  OF  BIRDS. 

Ceneral  Classification.  Saurornithes,  Odontornithes 

and  RatitvE. 


Owing  o  the  extreme  compactness  and  homogeneity  of  the 
entire  class  Aves,  conditioned  mainly  by  their  adaptation  0, 
an  aerial  mode  of  life,  the  subject  of  their  classificadon  h  s 
been  one  of  the  greatest  difficulties  of  the  systematic  zoo  o'  st 

di:  oar„ZloL",e  primar?  subdiv>sions,  or  rlZSf  of 
division  of  the  ^cgfL/rvlTbeing1  rejected ^Jfso  hi!hSUb' 

ZtZdZFmf-rNneTn-  Wi,th 

t upon' tlie  '  S  °r  ’irds,  specialists  have  not  at  present  agreed 

“lost  moa  P  an<Le  ?f  any  one  systsm  in  preference  to  others 
ilihdl  as  esml ,° T'a?  T'8  have  abandoned  the  old  orders  of 
and  nth  Jf  ?n  h  d  *,hf  s?8tems  of  Linnteus,  Cuvier,  miner 
tation  f rS’  t  le  fsse,nia  basis  of  which  is  found  in  the  adap’ 
°"  of  Par»cular  groups  of  Birds  to  particular  modes  of  life. 
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and  which,  artificial  as  in  many  respects  they  undoubtedly 
are,  have  the  merit  of  great  simplicity.  Of  the  more  modern 
systems,  some,  like  the  classifications  of  Prof.  Huxley  and 
Prof.  Garrod,  are  essentially  anatomical,  and  are  based  upon 
the  observed  modifications  in  different  groups  of  the  structure 
of  some  particular  organ  or  group  of  organs.  1  hus,  the  sys¬ 
tem  of  Prof.  Huxley  is  based  essentially  upon  the  structure  of 
the  bony  palate ;  while  that  proposed  by  Prof.  Garrod  has  as 
its  starting-point  the  arrangement  of  the  muscles  of  the  hind- 
limb.  Other  modern  systems  are  more  natural,  in  so  far  as 
they  have  reference  to  the  entire  organisation  of  the  animals 
classified,  and  are  not  based  merely  upon  modifications  of 
some  one  organ  or  group  of  organs ;  but  it  is  only  in  their 
broad  outlines  that  such  classifications  agree  among  them¬ 
selves,  and  as  regards  minor  subdivisions  and  nomenclature, 
there  is  still  great  diversity  of  opinion  and  practice  among 
high  ornithological  authorities.  In  the  absence  of  any  univer¬ 
sally  accepted  classification,  the  following  arrangement  ot  the 
subdivisions  of  Aves  will  probably  be  found  to  be  sufficient  tor 
the  purposes  of  the  ordinary  student :  - 


Sub-class  I.  Saurornithes.— Jaws  toothed;  metacarpa  bones  not 
anchylosed  ;  tail  of  numerous  separate  vertebra,  without  a  "  ploughshare-; 
bone.”  (Extinct.) 

Order  1.  Saurttra. — Archaopteryx.  .. 

Sub-class  II.  Odontornithes— Jaws  toothed  :  metacarpals  wantin&, 
or  united  ;  tail  not  long  and  lizard-like.  (Extinct.) 

Order  1.  Odontolca.—Hesperomis. 

Order  2.  Odontotormce. — Ichthyornis. 

Sub-class  III.  R.vrnvE.—  Jaws  without  teeth;  metacarpals  (when 
present)  united  ;  tail  short ;  sternum  raft-like,  without  a  keel ;  feathers 
lax,  the  barbules  being  destitute  of  hooks. 

Order  i.  Struthiones.— Ostrich,  Rhea,  Cassowary,  hmeu. 

Sub-class  IV^'cfRi'm^-Jaws  without  teeth  ;  metacarpals  united; 
sternum  with  a  more  or  less  prominent  keel  or  canna  1  S> 
firm,  the  barbules  being  hooked. 

Order  1.  Crypluri.  — Tinamou. 

Impennes. — Penguins. 

Pygopodes.  — Guillemots,  Auks,  Grebes,  Divers. 

Gavics. — Gulls,  Petrels.  r  _ 

Steganopodes.  —  Frigate  -  birds,  Pelicans,  Gannets,  Cor 

morants.  .  ,,  ,, 

Chenomorphic. — Screamers,  Ducks,  Geese,  Swans,  11. 

goes. 

Herod ii. — Herons,  Storks,  Spoonbills. 

Grallcc—  Rails,  Snipe,  Plovers,  Bustards,  Cranes.  , 

Ga/tiiM—  Grouse,  Partridges,  Pheasants,  Fowls,  Mounc 
birds,  Curassows,  Sand-grouse,  Bush-quails. 

Order  10.  Columba.— Pigeons,  Ground-pigeons,  Duil'"cu!'15' 

Order  11.  ZW^.-Thrushes,  Finches,  Swallows,  Starlings,  \c. 


Order  2. 
Order  3. 
Order  4. 
Order  5. 

Order  6. 

Order  7. 
Order  8. 
Order  9. 
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Order  12.  Pi  carta; , — Cuckoos,  Kingfishers,  Bee-eaters,  Hoopoe,  Tou- 
cans,  \\  oodpeckers,  1  rogons,  .Swifts,  Humming-birds. 

(  )rder  13.  Psittaa. — Parrots  and  their  allies. 

Order  14.  Raptores.  Owls,  Falcons,  American  Vultures,  Secretary 
Vultures.  3 

SAURORNITHES. 

Sub-class  I.  Saurornithes. — This  sub-class  includes  the 
single  order  Saurura,  comprising  only  the  singular  extinct 
genus  Archceopteryx ,  and  is  characterised  by  the  fact  that  the 
tail  consists  of  numerous  free  vertebrae,  each  carrying  a  pair 
0  quill-feathers,  while  the  metacarpal  bones  are  not  anchy- 
losed  with  one  another,  and  the  jaws  are  provided  with  teeth. 

Order  Saurur/e.  This  being  the  only  order  included  in 
this  sub-class,  its  characters  are  necessarily  the  same  as  those 
ot  the  sub-class.  The  genus  Arc/ueofiteryx  comprises,  so  far 
as  at  present  known,  only  a  single  species,  namely,  the  remark¬ 
able  Archevopteryx  macrura  of  the  Lithographic  Slates  (Juras- 


Lig.  4°9-  A rchccopteryx  macrura,  being  a  reduced  representation  of  the  British 

Museum  specimen. 


sic)  of  Solenhofen,  of  which  three  specimens  (one  consisting 
ol  a  feather  only)  have  hitherto  been  brought  to  light  In 
this  exceeding  abnormal  and  very  ancient  type  of  the  Birds 
409),  the  tail  consists  of  twenty  elongated  and  free  verte- 
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bi'Jie,  each  of  which  carried  a  pair  of  quill-feathers.  1  he  tail 
was  thus  like  that  of  a  hazard,  save  for  its  feathers,  and  there 
was  no  ploughshare-bone.  1  he  jaws  carried  conical  teeth, 
though  it  is  not  certain  how  many  of  these  were  present,  or 
whether  the  teeth  were  in  sockets  or  in  a  groove.  The  gen¬ 
eral  structure  of  the  fore-limb  was  like  that  ot  buds  generally , 
but  there  were  the  special  peculiarities  that  the  metacarpal 
bones  were  not  anchylosed  with  one  another,  and  that  all  the 
three  digits  of  the  manus  carried  claws.  That  Archceopteryx 
possessed  the  power  of  flight  is  shown  by  the  fact  that  the 
wings  were  furnished  with  well-developed  quill-feathers.  The 
three  bones  composing  the  pelvic  arch  on  each  side  appear  to 
have  been  separate,  and  the  metatarsal  bones  were  also  sepai- 
ate  or  imperfectly  united.  According  to  Marsh,  the  vertebrae 
are  also  biconcave.  The  foot  was  four-toed,  the  hallux  being 
turned  backwards.  Archceopteryx  macrura  seems  to  have  been 
about  as  big  as  a  pigeon,  and  its  structural  characters  are  of 
special  interest  from  the  many  points  in  which  they  show  an 
approach  to  those  of  the  Deinosaurian  Reptiles. 


Odontornithes. 


Sub-class  II.  Odontornithes.— This  division  includes  cer¬ 
tain  remarkable  extinct  types,  of  Cretaceous  age  and  is  char¬ 
acterised  by  the  possession  of  conical  teeth  in  the  jaws,  the 
tail  being  short  and  bird -like,  and  the  metacarpals  either 
absent  (. Hespcrornis )  or  anchylosed  ( Ichthyomis ).  The  two 
principal  types  comprised  in  this  sub-class  differ  so  widely 
from  each  other  and  from  all  existing  Birds,  that  1  rofessor 
Marsh  has  founded  the  following  two  orders  for  their  re- 


Order  I.  Odontolc.e.— This  order  is  characterised  by  the 
fact  that  the  teeth  are  sunk  in  a  groove,  the  vertebral  centra 
are  saddle-shaped,  and  the  sternum  has  no  keel.  It  includes 
only  the  extraordinary  Hesperomis  regahs,  from  the  Cieta- 
ceous  rocks  of  North  America.  In  this  wonderful  fossil  we 
have  a  gigantic  diving-bird  somewhat  resembling  the  true 
«  Divers”  or  “Loons”  (■ Colymbus ),  but  having  the  jaws  tur- 
nished  with  numerous  conical  recurved  teeth,  sunk  in  a  deep 

continuous  groove  (fig.  410)-  ,  ,  oc 

The  front  of  the  upper  jaw  does  not  carry  teeth,  and  was 

nrnbablv  encased  in  a  horny  beak.  '1  he  breast-bone  l*  Ll1 
tirely  destitute  of  a  central  ridge  or  keel,  and  the  wings  are 
minute  and  quite  rudimentary;  so  that 
Ichthyomis,  must  have  been  wholly  deprived  ot  the  power  ot 


i 
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flight,  in  this  respect  approaching  the  existing  Penguins.  The 
metacarpal  bones  are  wanting.  The  tail  consists  of  about 
twelve  vertebrae,  of  which  the  last  three  or  four  are  amalgam¬ 
ated  to  form  a  flat  terminal  mass,  there  being  at  the  same 
time  clear  indications  that  the  tail  was  capable  of  up  and 
down  movement  in  a  vertical  plane,  this  probably  fitting  it  to 
serve  as  a  swimming-paddle  or  rudder.  The  vertebra  of  the 


I-  ig.  410.— Skeleton  of  Hespcrornis  regalis,  restored.  (After  Marsh.)  About 
one-tenth  of  the  natural  size. 


cervical  and  dorsal  regions  are  of  the  ordinary  ornithic  type. 
1,he  lep  were  powerfully  constructed,  and  the  feet  were 
adapted  to  assist  the  bird  in  rapid  motion  through  the  water 
ihe  known  remains  ot  Hesperornis  regalis  prove  it  to  have 
een  a  swimming  and  diving  Bird,  of  larger  dimensions  than 
any  of  the  aquatic  members  of  the  class  of  Birds  with  which 
we  are  acquainted  at  the  present  day.  It  appears  to  have 
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stood  between  five  and  six  feet  high,  and  its  inability  to  fly 
is  fully  compensated  for  by  the  numerous  adaptations  of  its 
structure  to  a  watery  life.  Its  teeth  prove  it  to  have  been  car¬ 
nivorous  in  its  habits,  and  it  probably  lived  upon  fishes. 

Order  II.  Odontotorm/E. — This  order  is  characterised 
by  the  fact  that  the  teeth  are  sunk  in  separate  sockets  in  the 
jaw,  the  vertebral  centra  are  biconcave,  and  the  sternum  is 
carinate,  the  wings  being  well  developed.  T  his  order  was 
founded  by  Marsh  for  the  reception  of  two  remarkable  birds 
— viz.,  lchthyornis  dispar  and  Apcitovnis  celcr ,  both  trom  the 
Cretaceous  rocks  oi  North  America.  The  skull  of  the  latter 
not  being  known,  the  former  may  be  taken  as  the  type  of  the 

order.  _  ... 

The  teeth  in  lchthyornis  dispar  were  sunk  in  distinct  sockets, 
and  were  “  small,  compressed,  and  pointed,  and  all  of  those 
preserved  are  similar.  Those  in  the  lower  jaw  number  about 
twenty  in  each  ramus,  and  are  all  more  or  less  inclined  back¬ 
wards.  .  •  •  The  maxillary  teeth  appear  to  have  been 
equally  numerous,  and  essentially  the  same  as  those  in  the 
mandible.  The  skull  was  of  moderate  size,  and  the  eyes 
placed  well  forward.  The  lower  jaws  are  long  and  slender, 

and  the  rami  were  not  closely  united  at  the  symphysis . 

The  jaws  were  apparently  not  encased  in  a  horny  sheath. 

“  The  scapular  arch,  and  the  bones  of  the  wings  and  legs, 
all  conform  closely  to  the  true  ornithic  type.  The  wings  were 
laro-e  in  proportion  to  the  legs,  and  the  humeius  had  an 
extended  radial  crest.  The  metacarpals  were  united,  as  in 
ordinary  birds.  The  bones  of  the  posterior  extremities  resem¬ 
ble  those  of  swimming  birds.  The  vertebrae  were  all  bicon¬ 
cave,  the  concavities  at  each  end  of  the  centra  being  distinct 
and  nearly  alike.  Whether  the  tail  was  elongated  cannot  at 
present  be  determined ;  but  the  last  vertebra  ot  the  sacrum 
was  unusually  large. 

“  The  bird  was  fully  adult,  and  about  as  large  as  a  pigeon. 
With  the  exception  of  the  skull,  the  bones  do  not  appeal  to 
have  been  pneumatic,  though  most  of  them  are  hollow.  1  he 
species  was  carnivorous,  and  probably  aquatic.”  (Marsh.) 


Rattle. 

Sub-class  111.  Ratitve.— ' This  sub-class  comprises  the  birds 
which  have  been  commonly  spoken  of  under  the  name  of 
Cursores,  such  as  the  Ostrich,  Cassowary,  Emeu,  &c.  1  he 

distinguishing  characters  of  the  sub-class  are  that  the  sternum 
(fig.  41 1)  is  rounded  or  raft-like,  and  destitute  ot  a  keel  (hence 
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the  name  Ratitce,  from  the  Latin  rates ,  a  raft).  There  is  no 
power  of  flight,  and  the  clavicles  are  rudimentary  or  absent. 

.  f  b,s  of  tlle  fathers  are  disunited,  the  barbules  being 
without  hooks.  s 

d'he  Ratitce  include  a  small  number  of  non-flying  birds 
most  \  of  huge  size,  confined,  with  the  exception  of  the 
Ostrich  to  regions  south  of  the  equator.  There  are  five  liv¬ 
ing  and  a  number  of  extinct  genera;  but  ornithologists  are 
not  agreed  as  to  the  number  of  orders  represented  by  the 
comparatively  small  number  of  known  types.  The  earliest 
known  remains  of  Ratite  Birds  have  been  found  in  the  Eocene 
ertiary  deposits  ( Dasornis ).  The  principal  types  of  the 

Ratitce  may  be  considered  under  the  following  heads  •— 
Order  I.  Struthiones.— The  members  of  this  order  are 
Ratite  birds  in  which  the  foot  is  three-toed  or  two-toed  and 


g-/sc^l0;P,h0CogrLoidRatBe  ^ 

Pubis -  is  Ischium Femur. '  C. Foot  of '  7 

t,,e  hal,ux  placed  h«h“p  on&^^rKoi 


d  he  order  includes  the  followim 


of  the  Rhea  americana . 

the  hallux  is  absent, 
groups : — 

i.  Struthionida.—  This  group  is  represented  only  by  the  African  Ostrich 
and  t1;,?  S  f°0t  iSttW,°'t0ed’  *-he  humerus  is  long/th/ hand  has  ^ wo  digits,' 
r  Physis  ’  Umte  (aS  111  n°  °ther  Hvin«  Bird)  to  form  a  ventral  syS 

Africn  AiiCan  ,°Strich1  [StnctAio  came/us)  occurs  in  the  desert  plains  of 
of  f  om  ",  u’  f  ISmu  la/geSt  ofa"  livin«  l)ir>ls-  attaining  a  height 
as  a  dTst1 f*  °  C‘]ght  feet\  n’e  South  African  Ostrich  is  often  considered 
a  distinct  species,  under  the  name  of  S.  australis.  The  head  and  neck 
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are  nearly  naked,  and  the  quill-feathers  of  the  wings  and  tail  have  their 
barbs  wholly  disconnected,  constituting  the  ostrich-plumes  of  commerce. 
The  feathers  have  no  “  after-shafts.”  The  legs  are  extreme  y  stiong,  and 
are  terminated  by  two  toes  only,  these  consisting  respectively  of  four  and 
five  phalanges,  showing  that  it  is  the  hallux  and  the  innermost  toe  which 
are  wanting.  The  internal  one  of  the  two  toes  is  much  the  larger,  and  is 
clawed  ;  the  outer  toe  is  small  and  clawless.  The  pubic  bones  (fig.  41  b 
B)  are  united  in  a  ventral  symphysis,  and  the  wing  is  furnished  with  a  long 
humerus.  The  Ostriches  run  with  extraordinary  speed,  and  can  outstrip 
the  fastest  horse.  They  are  polygamous,  each  male  consorting  with  sev¬ 
eral  females,  and  they  generally  keep  together  in  larger  or  smaller  flocks 
The  eggs  are  of  great  size,  averaging  three  pounds  each  in  weight  ,  a  ( 
the  hens  lay  their  eggs  in  the  same  nest,  this  being  nothing  more  than  a 
hole  scratched  in  the  sand.  The  eggs  appear  to  be  hatched  mainly  by  the 
exertions  of  both  parents,  relieving  each  other  in  the  task  of  incubation, 

but  also  partly  by  the  heat  of  the  sun.  ”  1  nr, 

2.  Rhode.—  This  group  includes  the  “  American  Ostriches  {Rina),  in 
which  the  foot  (fig.  41 1.  E)  is  three-toed,  the  humerus  is  long,  there  are 
two  digits  in  the  hand,  and  the  pubes  do  not  meet,  whde  the ‘schia  are 
ioined  in  a  dorsal  symphysis  above  the  sacrum.  1  hree  species  of  Kina  are 
known,  ranging  from  Patagonia  to  Peru,  but  each  inhabiting  its  o«n 

^^CaTuariidce.- This  group  includes  the  Cassowaries  and  Emeus,  in 
which  the  foot  is  three-toed,  the  humerus  is  very  short,  and  the  hand  h  s 
onlv  a  single  digit.  The  wing-feathers  are  represented  by  naked  quills 
instead  of  by  soft  plumes,  and  the  feathers  have  an  1  after-shaft  almost 

“  The8  are  represented  hy  severe,  species  which 

inhabit  New  Guinea  and  the  adjacent  islands,  and  also  North  Austraha, 
about  nine  species  in  all  having  been  recorded.  The  head  of  the  Ga  s 
waries  is  furnished  with  a  horny  crest,  and  in  several  sPeciesthenek 
provided  with  naked  pendent  wattles.  The  Cassowaries  are  birds  of  very 
large  size,  and  both  sexes  participate  in  sitting  upon  the  eggs. 

the  Emeus  ( Dro mains )  are  also  of  large  size,  but  the  head  and  ncck  aie 
feathered  and  there  is  no  horny  crest  upon  the  head.  Only  two  species 
are  known  (viz.,  Dromaius  NoviB-JKollandue  and  D.  irroratus),  both  being 
Australian,  but  the  latter  being  confined  to  Western  Australia. 

,  Dinornitliidce.—  This  group  includes  a  number  of  gigantic  extinct 
Birds'  the  remains  of  which  have  been  found  in  Post-Tertiary  deposits im 
New  Zealand.  The  principal  genus  is  D  norms  itself,  in  which  the  foot 
is  three-toed,  the  hallux  being  wanting  (fig.  412).  I  he  feathers  are  fur¬ 
nished  with  an  “  after-shaft.”  The  wings  were  exceedingly  rudimentary, 
and  in  some  cases  the  fore-limbs  appear  to  have  been  wholly  absent  The 
largest  species  is  the  Dinornis  giganteus,  one  of  the  most  gigantic  of  living 
or  fossil  Birds,  the  tibia  measuring  a  yard  in  length,  and  the  .  S 
hp:mr  -t  least  ten  feet.  Another  species,  the  Dinonns  cltphantopm  (ng- 
.11 '’/’though  not  standing  more  than  about  six  feet  111  height,  was  of  an  e 
more  ponderous  construction-- the  framework  of  the  she  ft™  being  h 
ost  massive  of  any  in  the  whole  class  of  Birds,  whilst  the  toe-bones 
alnmsi  rival  those  of  the  Elephant  ”  (Owen).  There  is  every  reason  to  be¬ 
lieve  that  the  Dinomithida  were  represented  by  living  species  up  0  1 
recent  date,  and  that  it  was  by  human  agency  that  they  were  extei  nm.  ^ 
nniv  ore  the  bones  very  numerous  in  certain  localities,  but  >  / 
r^imd  in  the  most  recent  and  superficial  deposits,  and  they  still  contain  a 
considerable  'proportfon  of  animal  matter;  whilst  in  some  instances  bones 
have  been  found  with  the  feathers  attached,  or  with  the  horny  ski 
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whhnnt'iv?^1"5  them;’  Parred.  bones  have  been  found  in  connection 
tt.-i  'U1S,  ’.anc  .t  le  traditions  of  the  Maories  contain  circum- 

stantial  accounts  of  gigantic  wingless  Birds,  the  “Moas,”  which  were 
hunted  both  for  their  flesh  and  their  plumage. 


I-Ig.  412.— Skeleton  of  Dinorms  elephantofius ,  greatly  reduced. 

New  Zealand.  (After  Owen.) 


Post-Pliocene. 


■  °  nDE,R  V'  Apteryges.— This  order  includes  Ratite  Birds 
which  the  loot  is  four-toed,  a  rudimentary  hallux  being 
£^Sent’  lhe  cmly  living  types  of  this  order  belong  to  the 
p11/1'!/  ^  u-'x\  but  vv.e  may  include  here  the  extinct  genus 
■&pyon^X  aiK  'tS  a^ies’  ant^  tbe  ^ess  Perfectly  known  genus 

1  lle  APteryx  are  comparatively  short,  the  foot 

hack  oAhn  t  three  toes  in  front  and  a  short  clawed  hallux  placed  on  the 
A1  £  tarso-metatarsus  (fig.  41 1,  C  and  D).  The  beak  is  long,  slender 
and  slightly  curved,  the  tip  being  obtuse,  and  the  nostrils  placed  at  the 
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extremity  of  the  upper  mandible  (fig.  413).  The  wings  are  rudimentary, 
the  clavicles  being  rudimentary,  the  humerus  short,  and  there  being  only 
a  single  ungual  phalanx  terminated  by  a  sharp  claw.  The  feathers  are 
long,  narrow,  and  hair-like,  and  the  tail  is  short  and  inconspicuous.  The 
four 'known  species  of  Apteryx  are  confined  to  New  Zealand,  the  name  of 


Fig.  413. — Apteryx  australis.  New  Zealand. 

■■  Kiwi ”  being  given  to  them  by  the  natives.  They  are  of  comparatively 
small  size  as  compared  with  the  other  Ratite  Birds,  and  are  nocturnal  in 

their  habits,  feeding  upon  insects  and  worms.  _  .  ... 

2.  Palapterygidce.  — This  group  comprises  certain  gigantic  extinct  Ratite 
Birds  which  are  found  in  the  Post-Tertiary  deposits  of  New  Zealand. 
They  resemble  Dinornis  in  many  respects,  but  agree  with  the  recent  Ap¬ 
teryx  in  having  the  hallux  developed.  The  principal  genus  is  Palapteryx 
\  rEpyornithidiv.  — This  group  includes  only  a  single  Ratite  bird  which 
inhabited  Madagascar  in  Post-Tertiary  times,  and  the  structure  of  whic 
is  still  imperfectly  known.  The  only  known  species  is  the  -  ‘  , 

maximus,  the  eggs  of  which  are  eight  times  the  bulk  of  those  i 

Ostrich. 
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CHAPTER  LXI. 

Dl\  'ISIONS  OF  A  VES  ( Continued ). 

Cari  NAIVE. 

Sup-class  IV.  Carinate. — The  sub-class  of  the  Carinate 
Birds  includes  all  living  birds  with  the  exception  of  the  small 
sub-class  of  the  Ratitce,  and  is  characterised  by  the  fact  that 
the  ^sternum  is  furnished  with  a  more  or  less  prominent  keel 
or  -  canna,  the  metacarpals  are  united  with  one  another,  the 
jaws  are  destitute  of  teeth,  and  the  quill-feathers  have  their 
barbs  united  by  interlocking  barbules. 

I  he  Car  mat  a  may  be  divided  into  fourteen  “orders”  the 
characters  of  which  will  be  briefly  considered  in  what  follows 
It  is  to  be  remembered,  however,  that  only  in  some  cases  can 
the  so-called  •  orders  ’  of  Carinate  Birds  be  regarded  as  equi¬ 
valent  in  value  to  the  divisions  which  bear  this  name  among 
other  groups  of  animals.  The  subjoined  table  shows  the 
general  correspondence  between  the  orders  here  adopted  and 

the  six  old  orders  of  Carinate  Birds  which  have  been  in 
general  use  : — 

I.  Natatores  =  Impennes ,  Pygopodes ,  Gavice,  Stegano- 
podes ,  and  Chenomorphce. 

II.  Grallatores  =  Herodii  and  Gratia. 

VJ'  ^ASOkES=  Gallincz,  ColwnbcB ,  and  Crypturi. 

IV  Scansores  Psittaci  and  Picarice  (in  part). 

V .  Insessores  =  Passeres  and  Picarice  (in  part). 

\  I.  Raptores  or  Acci pitres  =  Paptores. 

nf?iTD«RrL  CRYPTV-This  order  includes  only  the  family 
of  the  rinamous  ’{Tinamida),  comprising  certain  grouse- 

ke  birds>  m  which  the  tail  is  exceedingly  short  or  absent. 

In  general  appearance,  the  Tinamous  resemble  the  ordinary  Game-birds 

aSproachr;heUSRCathreaCner?  co"nectedf7‘h  the  structure  of  7he  skull  they 
pproach  the  Ratite  Birds.  Many  of  the  sutures  of  the  skull  are  persistent 

vsryvr"'  ipv1!! » “KhS 

and  nnr1;/  •  h  u  has  a,  sh<T  haIlux  developed  on  its  hinder  aspect 
ranrrinrr  frr^  le  ground.  I  he  1  inamous  are  exclusively  neotropical! 
rangmg  from  atagoma  to  Mexico,  and  are  essentially  terrestrial  in  their 

Order  II.  Impennes— This  order  includes  only  the  Pen¬ 
guins  (, Spheniscidce ),  distinguished  by  their  boat-shaped  body 
backwardly-placed  hind-limbs,  and  fin-like  wings  (fig  414) 
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The  Penguins  are  entirely  adapted  for  an  aquatic  life,  to  which  end  the 
hind-limbs  are  placed  at  the  hinder  end  of  the  body,  and  the  three  anterior 
toes  are  webbed,  or  united  by  the  skin.  lire  hallux  is  ludimentary,  and 
the  wings  are  useless  as  organs  of  flight,  being  fin-like  and  without  quill- 
feathers.  They  are  covered  with  small  scale-like  feathers,  and  are  em¬ 
ployed  by  the  bird  as  fins,  enabling  it  to  swim  under  water  with  great 


Fig.  414.  Penguin  (Aptenodytes  patagonica). 


facility,  while  they  can  be  used,  on  necessity,  as  fore-limbs  on  land.  1  he 
neck  is  short,  the  centra  of  the  cervical  vertebrae  having  mostly  spheroidal 
faces-  the  sternum  has  a  keel;  and  the  beak  is  compressed.  \\  lien  on 
land  'the  Penguins  stand  bolt  upright,  and  in  this  position  they  incubate 
the  single  egg  which  they  lay.  They  can  also  carry  the  egg  about  with 
them  buried  among  the  feathers  between  the  hind-limbs.  1  he  1  enguins 
are  essentially  confined  to  the  Southern  Seas,  two  species  being  found  on 
‘the  coast  of  Peru  and  the  Galapagos.  Well-known  forms  are  the  king- 
oenguin  (. Aptmodytes  patagonica ,  fig.  4>4)  of  Patagonia  and  the  Falkland 
Islands,  and  the  Black-footed  Penguin  (Spheniscus  demersus)  of  the  C  ape 
of  Good  Hope  and  the  seas  round  Cape  Horn. 

Order  III.  Pygopodes. — This  order  includes  the  Guille¬ 
mots,  Auks,  Grebes,  and  Divers,  and  is  characterised  by  the 
adaptation  of  the  animal  to  an  aquatic  life,  the  body  being 
boat-shaped,  with  a  thick  and  lustrous  plumage,  the  webbed 
feet  being  placed  far  back,  and  the  wings  being  provided  with 


CARINATVE. 


687 


quill-feathers,  but  being  comparatively  short,  and  in  some 
cases  (Great  Auk)  rudimentary.  Together  with  the  Penguins, 
the  birds  of  this  order  constitute  the  “  Brevipennate  ”  section 
of  the  old  order  Natatores. 


The  Guillemots  (Una)  are  characterised  by  their  short  tails,  narrow  and 
pointed  wings,  and  completely  webbed  feet,  the  hallux  being  wanting. 
Iheyaie  confined  to  the  colder  seas  of  the  northern  hemisphere,  and  w'el  1  - 
known  species  are  the  common  Guillemot  ( Uria  troile)  and  the  Black  Guil¬ 
lemot  ( U.  grylle). 

The  Auks  (Alcida)  have  the  wings  short  or  rudimentary,  the  three  an¬ 
terior  toes  webbed,  and  the  hallux  wanting.  Well-known  types  belonging 
to  this  family  are  the  Razor-bill  (Alca  torda)  of  the  North  Atlantic,  the 
Little  Auk  ( Mergulus  alls)  of  northern  seas,  and  the  common  Puffins 
(Mormon  fratercula).  The  Great  Auk  or  Gare-fowl  (Alca  imfiennis)  is 
remarkable  as  being  one  of  those  birds  which  appear  to  have  become 
extinct  within  the  human  period,  having,  in  fact,  been  destroyed  chiefly 
through  the  agency  of  man  himself.  At  one  time  this  fine  bird  was  by 
no  means  uncommon  on  both  the  American  and  European  sides  of  the 
North  Atlantic,  occasionally  visiting  the  coasts  of  Scotland  and  Ireland, 
but  the  species  seems  to  have  been  completely  exterminated  before  the 
middle  of  this  century. 

The  Divers  (Colymbidce)  have  the  three  anterior  toes  completely  webbed 
and  have  a  free  hallux,  the  neck  being  tolerably  long,  and  the  beak  strong’ 
they  are  found  both  on  the  coasts  of  the  sea  and  in  inland  waters,  and  are 
confined  to  Arctic  and  north  temperate  regions.  Familiar  species  are  the 
Northern  Diver  or  Loon  (Colymbus  glacialis),  the  Red-throated  Diver  (C 
septentrionalis ),  and  the  Black-throated  Diver  (C.  arcticus). 

The  Grebes  (Podicipitidce)  are  closely  allied  to  the  Divers,  but  the  web 
between  the  anterior  toes  is  deeply  incised,  each  toe  thus  having  a  separate 
weR  I  he  Grebes  have  an  almost  universal  distribution,  and  frequent 
resh  waters,  swimming  and  diving  with  the  utmost  facility.  The  best- 
known  British  species  is  the  Little  Grebe  or  Dabchick  [Podicep  minor). 

Order  IV.  Gavi^e. — This  order  corresponds  with  the 
Longipennate  section  of  the  old  order  dVcitcitores,  and  com¬ 
prises  the  Gulls,  I  erns,  and  Petrels.  The  order  is  character¬ 
ised  by  the  long  and  well  developed  wings,  the  pointed,  some¬ 
times  kmfe-like,  sometimes  hooked  bill,  and  the  fact  that  the 
three  anterior  toes  are  united  by  a  web,  the  hallux  being  pres¬ 
ent,  but  being  free.  The  following  are  the  more  important 
groups  included  in  this  order  : — 


i.  Landtc,  or  Gulls  and  Terns,  having  powerful  wfings,  a  free  hinder 
toe,  and  the  three  anterior  toes  united  by  a  membrane.  The  Gulls  form 
an  exceedingly  large  and  widely  distributed  group  of  birds  ;  and  the  Terns 
or  bea-swallows  are  equally  beautiful,  if  not  quite  so  common.  The 
terns  are  distinguished  by  their  long  and  pointed  wings,  forked  tail,  and 
omparatively  short  legs.  1  hey  lly  with  great  rapidity  over  the  surface  of 
ine  sea,  from  which  they  pick  up  their  food. 

•  2*  I r°cdlamdi?,i  or  Petrels,  closely  resembling  the  true  Gulls,  but  hav- 
n  rudimentary  hinder  toe,  and  having  the  upper  mandible  strongly 
00  ed.  the  smaller  species  of  Petrel  are  well  known  to  all  sailors  under 
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the  name  of  Storm-birds  and  Mother  Carey’s  Chickens.  They  are  noc¬ 
turnal  or  crepuscular  in  their  habits,  breed  in  holes  in  the  rocks,  lay  but 
one  e"g,  and  are  almost  all  of  small  size  and  more  or  less  sombre  plumage. 
The  largest  member  of  the  group  is  the  gigantic  Albatross  (Diomedea  exu- 
lans),  not  uncommonly  found  far  from  land  in  the  tropical  seas  of  both  the 
north  and  south  hemispheres.  The  Albatross  sometimes  measures  as  much 
as  fifteen  feet  from  the  tip  of  one  wing  to  that  of  the  other,  and  the  flight 
is  powerful  in  proportion. 

Order  V.  Steganopodes  ( Totipalmatce ). — This  order  com¬ 
prises  the  Frigate-birds,  Pelicans,  Cormorants,  Gannets,  and 
Darters,  and  corresponds  with  the  “  1  otipalmate  section  of 
the  old  order  Natatores.  The  distinguishing  character  of  the 
order  is  that  the  hind-toe  (hallux)  is  directed  more  or  less  to¬ 
wards  the  front,  and  is  united  with  the  innermost  of  the  three 


Fig.  4I5. — “  Totipalmate  ”  foot  of  the  Gannet  (Sula  iassnim). 


anterior  toes  by  a  membrane,  all  the  four  toes  being  thus  | 
included  in  the  web.  The  wings  are  well  developed  and  some 
of  the  members  of  this  order  are  birds  ot  remarkably  poweitu 
and  sustained  flight. 


The  Pelicans  {Pelicanidcc)  are  large  birds,  which  subsist  on  tish.  and  aie 
found  in  Europe,  Asia,  Africa,  and  the  New  World.  They  sometimes 
measure  as  much  as  from  ten  to  fifteen  feet  between  the  tips  of  the  wings, 
and  most  of  the  bones  are  pneumatic,  so  that  the  skeleton  is  extremely 
1  i  if  lit  The  lower  mandible  is  composed  of  two  flexible  branches  which 
serve  for  the  support  of  a  large  “gular”  pouch,  formed  by  the  loose  un¬ 
feathered  skin  of  the  neck.  .The  fish  captured  by  the  bird  aie  temporanl) 
deposited  in  this  pouch,  and  the  parent  birds  feed  their  young  out  of  m 
The  bill  is  long  and  straight,  and  the  upper  mandible  is  strongly  hooked 

^  1  ii °t he  '"Cormorants  (Phalacrocorax)  there  is  no  pouch  beneath  the  lower 
mandible  but  the  skin  of  the  throat  is  very  lax  and  distensible ,  the  nan 
of  the  middle  toe  is  serrated.  They  are  widely  distributed  over  the  world, 
>*sh„,r”  (/>  oraatlus)  and  the  common  Cormorant  (/ .  cat  bo)  being 
familiar  species.  ”  The  Ganna,  (.«„)  lava  a  compressed  bill,  the 
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of  which  are  finely  crenate  or  toothed.  They  occur  abundantly  on  many 
paits  of  the  coasts  of  northern  Europe,  one  of  the  most  noted  of  their 
stations  being  the  Bass  Rock  at  the  mouth  of  the  Firth  of  Forth  The 
352  "'known  “  Sola,  Goose”  {S„,a  W,J)  Aaofc? 

Ihl  w  Af  va,'tesata)  >s  of  greater  importance  to  man,  as  being  one  of 

F,LbntrC  t  flH0ln/7he  accullu'lated  droppings  of  which  guano  is  derived  The 
Fi  igate-birds  ( Tachypetes)  are  chiefly  remarkable  for  their  extraordinary 

and  lon^  forked  taTl ' *  T°h  ‘ by  theh'  T™011^  lonS  and  powerful  wings 
&  l  1  •  1  he>'  occur  011  the  coasts  of  tropical  America  and 

are  often  found  at  immense  distances  from  any  land.  The  Tropic-birds 

i^ar);nrhaSt  '"tertl'°P,caI  regions,  and  are  found  far  out  at  se.a  They 
have  short  feeble  feet,  and  long  pointed  wings  7 

Sta  above.'  ^  ^  5* 

Order  VI.  Chenomorph/e  (Anseres).— This  order  com¬ 
prises  the  “  Lamellirostral  ”  section  of  the  old  order  Natatores 
(viz.,  Ducks,  Geese  Swans,  and  Flamingoes),  together  with  the 
aberrant  group  of  the  “Screamers”  {Palamedeidce).  In  the 
most  typical  members  of  this  order,  the  beak  (fig.  416)  is  flat- 


Fif 


•  416.  A,  Head  of  the  Grey  Lag  Goose;  ]i,  f 


oot  of  the  domestic  Goose. 


SillYT’  ?ndrcov.e«d  with  a  soft  skin.  The  edges  of 

or  lam  el  hr  '!'!  'L]  ln  nislied  with  a  series  of  transverse  plates 

amellae,  which  form  a  kind  of  fringe  or  “strainer”  1  • 

1  ualfy^eeV'theiJ  foot?  '"'ff  n?ud°in  which  they  habit- 

Y  thur  footL  lhe  bl11  richly  supplied  with  fih- 
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merits  of  the  fifth  nerve,  and  doubtless  serves  as  an  efficient 
organ  of  touch.  The  feet  are  furnished  with  four  toes,  of 
which  three  are  turned  forwards,  and  are  webbed,  whilst  the 
fourth  is  turned  backwards,  and  is  free.  The  trachea  in  the 
males  is  often  enlarged  or  twisted  in  its  lower  pait,  and  co 
operates  in  the  production  of  the  peculiar  clanging  note  of 
most  of  these  birds.  The  body  is  heavy,  and  the  wings  only 
moderately  developed. 


The  Ducks  (. Anatida )  have  the  hallux  fringed  with  a  narrow  membran¬ 
ous  lobe,  which  is  of  considerable  width  in  the  Sea-ducks.  1  he  Ducks 
have  an  almost  universal  distribution,  well-known  forms  being  the  \\  lid 
Duck  or  Mallard  ( Anas  boschas),  the  Teal  (1 Qtterquedula  crecca),  the  Wid¬ 
geon  (Mareca  fenelope ),  the  Shovellers  {Spatula),  the  Scaup-duck,  Can¬ 
vas-back.  and  Pochard  (. Fuligula ),  the  Sheldrakes  (7adorna)  the  Scoter- 
ducks  {CEdemia),  the  Mergansers  (Mergus),  and  the  Lider-ducks  (Sonia- 

The  A nserida  are  distinguished  from  the  Ducks  chiefly  by  their  stronger 
and  longer  legs,  and  comparatively  shorter  wings.  Good  examples  are  the 
Grev  Lag  (Anser  ferns),  the  Canada  Goose  {A.  canadensis),  the  bean- 
goose  (A.  segetum),  and  the  Snow  -  goose  {A.  hyperboreus).  AH  the 
domesticated  varieties  of  Geese  appear  to  be  undoubtedly  descended  from 
the  “  Grev  Lag”  Goose,  a  common  wild  species  which  is  found  in  mat  shy 
districts  in  Europe  generally,  in  Northern  Africa  and  as  far  east  as  Persia 

In  the  Swans  the  neck  is  extremely  long,  and  the  legs  are  short.  In  the 
Hooper  Swan  {Cygnus ferns)  the  sternal  keel  is  double,  and  forms  a  cavity 
for  the  reception  of  a  convoluted  portion  of  the  trachea  This  is  not  the 
case  however,  with  the  Mute  or  Common  Swan  (C.  olor),  the  black  Swan 
(C.  at  rat  us),  or  the  Trumpeter  Swan  (C.  buccinator),  all  well-known  mem¬ 
bers  of  the  group.  .  _  ,  .  .  ...  ,  •  , 

The  family  Palamedeidic  includes  certain  South  American  biuls,  which 

have  affinities  to  the  Gratia  and  the  Gallinaceous  birds.  The  common 
“  Screamer”  (Palamedea  cornuta )  has  long  legs,  and  the  toes  incompletely 
webbed.  It  has  a  cylindrical  horn-like  process  on  the  head,  and  horny  spurs 

implanted  on  the  edge  of  the  wing.  _  .  .  .  , 

The  Flamingoes  \Phanicopterida)  are  intermediate  in  their  cha  acteis 
between  the  Geese  and  the  Herons  and  Storks.  They  resemble  the  for¬ 
mer  in  the  fact  that  the  bill  is  lamellate,  and  also  in  having  the  feet  com¬ 
pletely  palmate  ;  but  they  approach  the  latter  111  the  great  length  ol  the 
L„s  The  bill  is  singularly  bent,  both  mandibles  being  suddenly  curved 
downwards  from  the  middle.  The  common  Flamingo  (1  lianicopterus 
antiquarian)  inhabits  Africa  and  Southern  Europe.  1  he  Ruddy  b  lamingo 
( P.  ruber)  is  South  American,  as  are  other  species. 


Order  VII.  Herodii.— This  order  includes  the  Herons, 
Storks,  Ibises,  and  Spoonbills,  and  is  characterised  by  the 
possession  of  a  long  “  cultirostral  ”  bill,  which  usually  exceeds 
the  head  in  length,  and  is  compressed  from  side  to  side.  1  he 
nostrils  are  placed  high  up  on  the  beak,  and  there  is  no 
“  cere.”  The  legs  are  long,  and  unfeathered  m  their  lower 
part,  and  the  toes  are  four  in  number,  elongated,  and  usually 
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partially  united  towards  their  bases  by  membrane,  but  never 
properly  “webbed.” 

T  lie  Heions  (Ardeidte)  have  a  large  hallux,  the  three  anterior  toes  being 
long  and  slender,  and  the  inner  edge  of  the  middle  toe  being  pectinated  or 
comb-like.  An  excellent  example  of  this  widely  distributed  family  is  the 
common  Grey  or  Crested  Heron  (, Ardea  cinerca )  of  Britain.  The  Herons 


4T7-  Crested  Heron  ( Ardea  ciucrea).  Europe. 

wade  about  in  the  shallow  waters  of  lakes,  rivers,  or  the  sea-shore  and  live 
principally  upon  fish.  Allied  to  the  typical  Herons  are  the  Night  Herons 
A?rlUZaX}'  t,hjG1"lUcrnS  (Botaums\  and  the  Boat-bills  (Camroma) 

Her5nsS  a0ndSthC?^W-HHf)  ^avefUle  bfeak  thick>  ‘he  toes  shorter  than  in  the 
(cTo^n’a  m^dle  toe  free  from  serrations.  The  common  Stork 

he  cominen,  f°"nd  ln  Brltain>  hut  occurs  not  uncommonly  on 

i  d  °,f  Kui:ope-  It  frequents  marshes,  and  feeds  on  frogs,  fishes, 

Seat  StoH.f  f C  amm  i  vr the,  allled  Senus  Leptoptilus ,  including  the 
m  A  ;.tor <s  known  as  the  Marabou  (/..  crumemformis)  of  Africa  and 

uLAdti  ant,(Zb«°f  In<lm’  there ’s  attached  to  the  throat  a  singular 
\  t  1’  llch  has;  however>  no  connection  with  the  gullet  of  the  bird 

Australia  C®  “  W*??'  .rePresented  by  species  in  Africa,  India,  and 
,ost  fanllharly  known  in  the  person  of  the  Jabiru  (A/ 

Woo/iW?  °  rC  TplCa  regi0n’  AIso  elated  to  the  Storks  are  the 

botteSS'NtwVoPS“  °fW"iCh  ab“"li  in  ,he  h»*  «*»"*  of 

and  Spoonbills  (Platalddcr j  are  very  like  the  Storks  in  general  form 
habits,  but  the  bill  is  flattened  out  towards  the  end  so  as  to  form  a 
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broad  spoon-like  plate.  The  common  White  Spoonbill  ( Platalea  leucoro- 
dia)  is  commonly  found  on  the  continent  of  Europe,  but  is  of  very  rate 
occurrence  in  Britain.  Related  to  the  Spoonbills  are  the  true  Ibises  in 
which  the  beak  is  long,  slender,  and  arcuate.  Hie  Ibises  are  found  111 
almost  all  warm  countries,  some  of  them  being  of  very  beautiful  colours 
The  most  famous  species  is  the  Sacred  Ibis  ( Ibis  athiopica  or  I.  religiosa ) 
of  Africa,  which  was  worshipped  by  the  ancient  Egyptians,  and  commonly 
represented  on  their  monuments. 


Order  VIII.  Grall.e.— This  order  comprises  the  greater 
number  of  the  birds  formerly  included  in  the  order  of  the 
Grallatores  or  “  Waders.”  The  Grallie,  for  the  most  part, 
frequent  the  banks  of  rivers  and  lakes,  the  shores  of  estuaries, 
marshes,  lagoons,  and  shallow  pools,  though  some  of  them 
keep  almost  exclusively  to  dry  land,  preferring,  however,  moist 
and  damp  situations.  In  accordance  with  their  semi-aquatic 
amphibious  habits,  most  of  the  Grallas  have  long  legs,  though 
some  of  the  more  strictly  terrestrial  types  (such  as  the  kails) 
have  the  legs  comparatively  short.  In  all,  the  tarso-metataisus, 
and  at  any  rate  a  portion  of  the  lower  end  ot  the  tibia,  is  un¬ 
feathered  (fig.  418).  The  toes  are  long  and  slender,  and 


Fig  418.— Gralla;.  A,  Leg  and  foot  of  the  Curlew  ; 

c,  Beak  of  tire  Avocet. 


11,  Head  ol  Snipe 


mostly  free,  though  in  some  cases  (Coots)  they  have  bateial 
fringes,  thus  becoming  semi-palmate.  The  wings  ar'-  usua  ^ 
long,  and  the  power  of  flight  is  generally  considerable  1  he 
nostrils  are  large,  and  are  placed  comparatively  low  do v  n  and 
the  beak  is  often  long,  though  sometimes  of  no  gieat  Lnp 
aifd  composed.  Many  of  Ac  Call*  breed  in  cold I  counme , 
•mfl  migrate  at  the  approach  of  winter  to  warmer  ic^ 

The  young  are  always  “  precocious,”  being  covered  with  down, 
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Th'1-  C?nnble-  °f  taking1care  of  ^emselves  as  soon  as  hatched. 
Gra/te'—mS  arG  116  pnncipal  SrouPs  included  in  the 

if sS|sS=SS£S*SS 

«d«.?hl7,l0ngThl  “  .atI'  fto-n  S  to  sS“  « 

J5  ar„£“  USES  «  SEEW^fSiT"*^ 

ls|g#3l,ii=:lS| 

is  the  Fulica  atra ;  but  the 
Coots  have  an  almost  uni¬ 
versal  distribution.  The  typ¬ 
ical  Rails  have  the  toes 
moderately  long,  with  short 
claws.  Some  of  them,  like 
the  common  Water  -  rail 
[Kalins  aquatints ),  frequent 
marshy  localities,  and  swim 
and  dive  readily.  Others 
like  the  Corn-crake  {Crex 
pratensis)  are  essentially  ter¬ 
restrial  in  their  habits.  Fa¬ 
miliar  North  American  Rails 
are  the  Marsh  -  hen  (A’allus 
elegans)  and  the  Virginian 
wail  [R.  virgimanus).  The 
Jacanas  differ  from  the  typi¬ 
cal  Rails  in  the  possession  of 
extremely  long  and  slender 
toes,  furnished  with  long 


1'  ig.  419.  h  oot  of  the  Common  Coot,  showing  the 
fringed  toes. 


,  - -  null  long 

K  r“s  “Ti  .lhe  '“«*  of  phnu. 

Southern  Asia  (/  a)  aie  South  Amencan ;  but  allied  forms  occur  in 

and  other^^'^'lon'ffiros^tral*”0 ^  Snlf?£S;  Woodcock>  Curlew, 
long,  slender  s!ft  hill!  Waderf>  1 characterised  by  the  possession  of 
(fig-  41S  B)  ’  Th  -  1  ’  ^rooved.  for  the  perforations  of  the  nostrils 

length  ’the 'toes  are  nf  1  some1tImesl  rathe>'  short,  sometimes  of  great 
!  is  ’some  ini  hf  and  the  llallux  is  usually  short 

1  touch,  being  used  a  Thin  W,f  bl11,  m  therse,birds  serve,  as  an  organ  of 
•  soil.  To  fufci  ,1  •  '  ‘  '  ld  of  probe  to  feel  for  food  in  mud  or  marshy 

•filaments  of  the fifth'Se  ‘  They  °/  V*®  bilI| is  flln’ishcd  with  numerous 
land  are  not  sirir-th,  -  ,  1  hey  feed  mostly  upon  insects  and  worms 

not  strictly  aquatic  m  their  habits,  mostly  frequenting  marshy 
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districts,  moors,  fens,  the  banks  of  rivers  or  lakes,  or  the  shores  of 

In  this  family  of  the  Long-billed  Waders  are  the  various  species  of  Snipe 
( Gallinago)  and  Woodcock  (. Scolopax ),  the  Sandpipers  (Tringa),  the 
Curlews  (Numenius),  the  Turnstones  (Strepsilas),  the  Luffs  (Machetes) 
the  Redshanks  ( Totanus),  the  Godrvits  (. Limosa ),  and  others  which  need 

^  '  Charadriidtz. —  This  family  includes  the  Plovers  and  their  allies,  and 
is  characterised  by  the  fact  that  the  legs  are  long  and  slender,  the  toes  are 
united  at  their  bases  by  a  small  membrane,  and  the  hind-toe  is  very  small 
and  raised  above  the  ground.  In  this  group  are  the  true  I  lovers  and  Lap- 
wings  (C/iaradrius,  Vanellus,  See.),  the  Pratincoles  {G l areola),  the  Long¬ 
shanks  (. Himantopus ),  and  the  Oyster-catcher  (. Hatnatopus^ 

4  Otididcc—  This  family  includes  the  Thick-knee  ( (Edtcnemus ),  the 
Coursers  (Cursor ins),  and  the  Bustards  {Otis),  and  forms  a  transition  be¬ 
tween  the  typical  Gratia  and  the  Game-birds  (Gallu,*).  The  members 
of  this  family  have  long  legs,  well  adapted  for  running,  the  toes  being 
short,  with  stout  claws,  and  the  hallux  being  absent.  The  wings  are 
moderately  developed,  and  the  tad  is  of  considerable  size  Jhe  Busta.ds 
( Otis)  are  found  over  the  greater  part  of  the  Old  World,  and  the  Great 
Bustard  ( 0.  tarda)  was  at  one  time  not  uncommon  in  Britain. 

r  Gniidce. — The  Cranes  have  long  beaks,  and  very  long  legs,  unfeathered 

from  the  middle  of  the  tibia  downwards.  The  toes  are  slender,  and  the 
hallux  is  raised  off  the  ground.  The  tail  is  short,  but  the  wings  are  long, 
an  many  of  the  Grnida  perform  long  migrations.  The  typical  Cranes 
tfrtu)  have  an  almost  universal  distribution  the  common  European 
snecies  being  the  Grits  cinerea.  The  Crowned  Cranes  {Baleanca)  are 
exclusively  African,  and  the  Demoiselle  Cranes  (. Anthropoides )  inhabit 
Europe,  Africa,  and  India. 

Order  IX.  Galling.— This  division  comprises  the  Game¬ 
birds  the  typical  members  of  the  old  order  Rasores.  1  he 
“  Gallinaceous  Birds  ”  are  characterised  by  the  convex,  vaulted 
upper  mandible,  having  the  wide  nostrils  pierced  in  a  mem¬ 
branous  space  at  its  base.  The  legs  are  strong  and  robust, 
mostly  covered  with  feathers  as  far  as  the  joint  between  the 


tibia  and  the  tarso-metatarsus.  There  are  four  toes  three  in 
front  and  one  behind— the  latter  (hallux)  being  short,  and 
placed  at  a  higher  level  than  the  other  toes  (fig.  42°>  -V- 
the  toes  are  furnished  with  strong  blunt  claws 


All 

suitable  tor 


CAR!  NAT/E. 


695 


scratching  in  the  soil.  The  food  of  the  Galling  consists 
clnetiy  of  hard  grams  and  seeds,  and,  in  accordance  with  this, 
t  ie}  have  a  capacious  crop  and  an  extremely  strong  and 
muscular  gizzard.  The  body  is  usually  heavy,  and  the  wings 
comparatively  short  and  weak,  the  flight  being  feeble,  and 
accompanied  with  a  whirring  sound.  The  back  of  the  tarso- 
metatarsus  is  often  furnished  in  the  males  (in  the  females  also 
in  the  Java  Peacock)  with  a  spur  (calcar),  which  is  used  as  an 
offensive  weapon.  In  Polypledron  the  leg  of  the  male  has  two 
or  three  of  these  spurs.  Most  of  the  Gallince  are  polygamous 
but  some  forms  (Guinea-fowl,  Red  Grouse,  Partridge,'  &c.)  are 
monogamous.  In  accordance  with  their  generally  polygamous 
habit  the  males  are  usually  more  brilliantly  coloured  than  the 
females.  They  mostly  nidificate,  or  build  their  nests,  upon 
ie  s,roum  .  I  he  males  take  no  part  in  either  nidification  or 
incubation,  and  the.  young  are  “  precocious,”  being  able  to 
run  about  and  obtain  food  for  themselves  from  the  moment 
they  quit  the  egg.  The  following  are  the  principal  groups 
included  in  the  Gallince:—  6  1 


I;  Teii'uon ida. —I n  the  Grouse  family  the  nostrils  are  covered  by  a  scale 

aGT,!  5k,n'  Tl“  leSS’  "n<1  »A“  ll>«  toes,  are  feXlerl  (fit 
421,  A),  and  there  are  no  spurs.  Good  examples  of  this  family  are  the 

SetheR«lVe  Capercailzie  ( Tetrao  urogallus ),  the  Black-cock  (T. 
C)  V’  h  1  °  USe  P-nS°Pus  scoticus),  and  the  Ptarmigan  ( L .  mains') 
Of  the  many  American  Grouse,  the  three  most  characteristic  types  are 
pei haps  the  Prairie-hen  {Cupidoma  cnpido),  the  Cock  of  the  Plains  (Cm 
trocercusurophasianus) ,  and  the  Ruffed  Grouse  (Bonasa  umbellus).  ' 

Ierdlnd®-— 1  h's  group  includes  the  Partridges  and  their  allies 
distmguished  from  the  Grouse  by  their  unfeathered  open  nostrils  and  bare 
scaly  tarso-metatarsus.  Familiar  European  species  of  Partridge  are  the 

“  Pr  P  (PerdlX  the  Red-legged  Partridge  /' 

, Pesldes  tht;  typical  Partridges,  this  family  includes  the  Francolins 

spaces/>/or.s<kin/nn~,I|n  Pheasantfamily,  there  are  commonly  naked 
C  IS  °n  the  head,°r  cheehs,  and  also  often  combs  or  wattles, 
e  males  carry  spurs  on  the  tarso-metatarsus.  The  typical  Pheasants 

Sri"6  aH  C°nfi^‘d  l°  ‘he  01(1  World,  and^are  essenTany 
naturalised \  r|CF COmm°n colchic™)  has,  however,  become 
"heir  nahll  ^  Pea-fowl  ^orunce)  are  entirely  Asiatic  in 

fowl  ( Pm,  '  S6,’  and  eveiy  one  is  familiar  with  the  common  Pea- 

the  ZlT'  -‘S)’  tfhe,heauVful  “tail”  of  the  males  being  formed  by 
Siveiv  ennfi  ’  ?f  lhc  tad-coverts.  The  Fowls  (Call, ,7)  are  exclu 

fi  f  fii  ?  southern  Asia  and  the  Indian  Archipelago.  One  of  the 

wild  form'fr  °l  Bankjv^  is  supposed  to  be  the  principal 

Turkey^  HCh  the  common  domestic  Fowls  have  descended.  The 

America  ’leaSTls)  are  natives  of  North  America,  Mexico,  and  Central 
erica,  only  three  species  being  known.  The  domestic  Turkey  has 


MANUAL  OF  ZOOLOGY. 


696 


descended  from  the  common  Turkey  (M.  gallopavo).  Lastly,  the  Guinea- 
fowls  ( Numida )  are  exclusively  found  in  Africa  and  Madagascar,  the 
common  domesticated  Guinea-fowl  being  the  Numida  meleagris. 

4  Pteroclidiz.  — The  “Sand-grouse”  included  in  this  family  are  con¬ 
fined  to  the  Old  World,  being  principally  African  and  Asiatic.  They 
have  long  and  pointed  wings,  thus  approaching  somewhat  to  the  Pigeons 

c  Turnicidtz. — The  “  Bush -quails  ”  included  in  this  group  are  of  small 
size  and  make  an  approach  to  the  Plovers.  They  are  unlike  the 
Gailime  generally  in  the  absence  of  the  hallux.  They  are  natives  of 
Europe,  Africa,  Asia,  and  Australia.  _ 

6  Megapodida. — The  “  Mound  -  birds  forming  this  family  inhabit 
Australia  most  of  the  Pacific  islands,  and  India,  and  have  large  feet,  the 
toes  of  which  end  in  long  claws.  They  bury  their  eggs  in  the  sand  or  lay 
them  in  mounds  of  vegetable  rubbish  which  they  scrape  together,  the  eggs 
being  hatched  either  by  the  warmth  of  the  sun,  or  by  the  heat  evolved  by 
the  fermentation  of  the  accumulated  vegetable  matter. 

7  Cracidm.  —  The  “  Curassows  ”  included  in  this  family  belong  to 
Central  and  Southern  America,  and  differ  from  the  Gallina  in  general  in 
being  to  a  large  extent,  arboreal  in  habit.  They  have  long  legs,  and  the 

hind -toe  is  placed  on  the 
same  plane  as  the  anterior 
toes.  They  are  large  and 
handsome  birds,  and  are 
often  domesticated.  A 
well  -  known  form  is  the 
“Crested  Curassow  ”  (Crux 
alector )  of  Mexico  and  Cen¬ 
tral  America. 

Order  X.  Colum- 
b.e. — This  order  com¬ 
prises  the  Pigeons  and 
Doves,  which  have  often 
been  included  with  the 
preceding  in  the  single 
order  Rasores ,  tinder  the 
name  of  Colutnbacet. 
The  Pigeons  are,  in 
fact,  closely  related  to 
the  Gallince,  this  being 
seen  particularly  in  the 
form  of  the  bill,  the 
upper  mandible  being 
convex  in  front,  and 
having  the  base  covered 
with  bare  or  fleshy  skin. 
They  differ  from  the 
in  having  the  wings  long  and  pointed, 
endowed  with  considerable  poweis  0 
therefore,  of  being  principally  ground- 
extent  arboreal  in  their  habits, 


.2i, — A,  Root  of  Black-cock  (  Tetrao  tetri. v). 
ami  C,  Upper  and  under  views  of  the  foot  of  the 
Wood-pigeon  ( Columba  palumbus). 

Galli nee ,  however, 
and  in 
ilight.  In 
birds,  they 


being  thus 
place, 
are  to 


a 


great 


CARINATyE. 


69  7 


and  in  accordance  with  this  the  feet  are  slender,  and  are 
well  adapted  for  perching  (fig.  421,  B  and  C).  There  are 
tour  toes,  three  in  front  and  one  behind,  and  the  former 
are  never  united  towards  their  bases  by  a  membrane, 
lough  the  base  of  the  outer  toe  is  sometimes  united  to 
that  of  the  middle  toe.  The  hallux  is  articulated  on  the 
same  plane  as  the  other  toes,  and  touches  the  ground  in 
walking.  A  still  more  fundamental  difference  between  the 
Columba  and  the  Galling  is  found  in  the  fact  that  the  young 
of  the  former  are  always  bom  in  an  unfeathered  and  helpless 
condition,  and  thus  require  to  be  nursed  and  fed  by  the 
parents  for  a  longer  or  shorter  time  after  they  are  hatched. 
Ail  the  tolumbce,  lastly,  are  monogamous,  and  pair  for  life  • 
and  the  males,  in  accordance  with  this,  are  devoid  of  spurs  or 

ot  ler  weapons  of  offence.  The  following  groups  are  included 
in  this  order  : —  001 


Fig.  422.— Columbia.  Rock-pigeon  (i Coluwba.  livin'). 


whi rl1Cnf<Wf/r,?'~iThi^  fa!1lily  includes  the  typical  Pigeons  and  Doves,  of 
d  ihuUnn  Th  hUndred  SpCt:lLn  are  k,lown-  with  an  almost  universal 
tarso  rhey,  "T  f  sent,ally  tree-inhabiting  forms,  with  a  short 

varipi-  r  auSU?’  an<  Slendcl' tOCS  acIaPted  for  perching.  The  innumerable 
anetjesof  thedomesne  Pigeons  have  all  descended  from  the  Rock-pigeon 
(Columba  hvia,  fig.  422),  which  is  a  native  of  the  countries  surrounding 
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the  Mediterranean.  Other  familiar  species  are  the  Wood-pigeon  [Col- 
umba  palumbus),  the  Stock-dove  ( Columba  anas),  the  Turtle-dove  ( Turtur 
auritus ),  and  the  Passenger-pigeon  ( Ectopistes  migratorius )  of  North 
America.  The  “Fruit-pigeons”  ( Carpophaga  and  Treron)  are  mostly 
green  in  colour,  often  very  beautifully  marked,  and  are  principally  inhabit¬ 
ants  of  Australia,  the  Malayan  Archipelago,  and  Southern  Asia,  species  of 
Treron  also  occurring  in  the  Ethiopian  region. 

2.  Gouridce. — The  “  Crowned-pigeons  ”  or  “  Ground-pigeons  ”  included 
in  this  family  are  natives  of  New  Guinea  and  adjacent  islands,  they  are 
ground-loving  birds,  and  therefore  make  an  approach  to  the  Gallina. 

3.  Didunculida.- — This  family  includes  only  the  singular  little  Didnn- 
culus  strigirostris  of  the  Navigator  or  Samoan  group  of  islands  in  the 
Pacific.  The  wings  in  Didunculus  are  well  developed,  and  the  upper  man¬ 
dible  of  the  beak  is  strongly  arched  and  hooked  towards  its  tip.  Though 
naturally  a  ground-loving  bird,  the  Didunculus  appears  of  late  years  to 
have  become  largely  arboreal  in  its  habits.  It  has  a  special  interest,  as 
being,  in  the  opinion  of  many  ornithologists,  related  to  the  extinct  Dodo. 


t'  ig.  423.-  Skeleton  of  the  Dodo  (Didus  ineptus),  restored.  (After  Owen.) 


4.  Dididev. — This  group  is  represented  only  by  the  Dodo  and  the  Soli¬ 
taire,  two  great,  non-flying  Pigeons,  both  of  which  have  become  exter¬ 
minated  within  the  last  two  centuries.  The  Dodo  (Didus  inept  ns,  fig.  4-D 
formerly  inhabited  the  island  of  Mauritius  in  great  numbers,  but  the  is 
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reconl  of  its  occurrence  dates  from  the  latter  part  of  the  seventeenth  cen- 
tury.  It  was  a  large  and  heavy  bird,  bigger  than  a  swan,  and  entirely 
unlike  the  I  igeons  in  general  appearance.  The  wings  were  rudimentary, 
and  completely  useless  as  organs  of  flight.  The  legs  were  short  and  stout, 
the  feet  had  four  toes  each,  and  the  tail  was  extremely  short,  carrying,  as 
well  as  the  wings,  a  tuft  of  soft  plumes.  The  beak  (unlike  that  of  any  of 
the  Columbce  except  the  little  Didtmculus  strigiroslris)  was  strongly 
arched  towards  the  end,  and  the  upper  mandible  had  a  strongly-hooked 
apex,  not  at  all  unlike  that  of  a  bird  of  prey.  The  Dodo  owed  its  exter¬ 
mination  to  the  fact  that  it  was  good  to  eat,  and  that  it  was  unable  to  fly. 
,^1  present  all  the  known  remains  of  this  singular  bird  that  exist  are  some 
o  d,  but  appaiently  faithful,  oil-paintings,  and  a  few  fragmentary  remains, 
to  which  explorations  in  the  Recent  deposits  of  the  island  have  added  a 
large  number  of  bones.  Allied  to  the  Dodo,  and,  like  it,  incapable  of 
night,  is  the  Solitaire  ( Pezophaps )  of  Rodriguez,  a  small  island  lying  about 
jOO  miles  to  the  east  of  Mauritius.  The  Solitaire  appears  to  have  been  in 
existence  up  to  about  the  middle  of  the  eighteenth  century,  and  a  large 
number  of  its  bones  have  been  obtained  in  the  Recent  deposits  of  Rod¬ 
riguez  It  had  longer  legs  than  the  Dodo,  and  its  bill  was  not  so  strongly 
nrrnpfl  ^  J 


CHAPTER  LXII. 

^  UR-CLASS  CARINA  T AI — Continued. 

I  ASSERES,  PlCARIAi,  PsiTTACI,  AND  RaPTORES. 

Order  XI.  Passeres  or  Insessores.— ' The  great  order  of 
t  te  Passerine  Birds  or  “  Perchers  ”  is  principally  characterised 
by  the  form  of  the  foot,  which  is  adapted  for  perching  The 
legs  are  slender  and  short,  and  the  foot  has  three  anterior  toes 
and  a  backwardly-directed  hallux,  all  the  toes  carrying  slender 
curved  claws  (tig.  424,  E).  The  claw  of  the  hallux  is  longer 
than  that  of  any  of  the  anterior  toes,  and  the  two  outer  toes 
have  their  bases  united  by  a  very  short  membrane. 

“The  Perchers  form  the  largest  and  by  far  the  most  numer¬ 
ous  order  of  birds,  but  are  the  least  easily  recognisable  by  dis¬ 
tinctive  characters  common  to  the  whole  group.  Their  feet, 
being  more  especially  adapted  to  the  delicate  labours  of  nidi 
n cation,  have  neither  the  webbed  structure  of  those  of  the 
'Wininiers,  nor  the  robust  strength  and  destructive  talons 
wmch  characterise  the  feet  of  the  Birds  of  Rapine,  nor  yet  the 
•extended  toes  which  enable  the  Wader  to  walk  safely  over 
inarsiy  soils  and  tread  lightly  on  the  floating  leaves  of  aquatic 
pants,  but  the  toes  are  slender,  flexible,  and  moderately 
ongated,  with  long,  pointed,  and  slightly  curved  claws. 
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“  The  Perchers  in  general  have  the  females  smaller  and  less 
brilliantly  coloured  than  the  males ;  they  always  live  in  pairs, 
build  in  trees,  and  display  the  greatest  art  in  the  construction 
of  their  nests.  The  young  are  excluded  in  a  blind  and  naked 


,  424. — Forms  of  the  foot  and  beak  in  Passerine  and  Piearian  Birds.  A  Hewl .of 
'  Hoopoe  {Upupa  cpofis),  showing  the  tenuirostral  type  of  beak.  h.  Head  ot 
hacked  Shrike  (Lanins  coll /trio),  showing  the  dentirostr.il  type  of  beak.  C,  • 
of  White-bellied  Swift  (Cyfiselus  melba\  showing  the  fissirostral  type  °f  hehk.  , 
Head  of  Corn-hunting  (Embfri.a  miliaria),  showing  the  comrostra  P  •  • 

Ik  Foot  of  the  Yellow  Wagtail  (Motaalla  sulphured).  1  ,  hoot  ot  a  until, 
(/-' ringilla )• 


state  and  are  wholly  dependent  for  subsistence  during  a  certain 
period  on  parental  care.  The  brain  arrives  in  this  order  at  its 


greatest  proportionate  size ; 


the  organ  of  voice  here  attains  its 


greatest  complexity,  and  all  the  characteristics  of  he  bird,  as 
power  of  flight,  melody  of  voice,  and  beauty  of  plumage,  arc 
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enjoyed  in  the  highest  perfection  by  one  or  other  of  the  groups 
of  this  extensive  and  varied  order.” — (Owen.) 

The  food  of  the  Pnsseres  is  of  a  very  varied  kind,  some 
being  exclusively  insect-feeders,  others  living  upon  seeds  and 
grains,  while  many  are  omnivorous,  feeding  indifferently  upon 
vegetable  substances  or  upon  small  animals  of  all  kinds.  The 
form  of  the  beak  is  very  varied  in  the  Passerine  Birds,  but 
four  principal  types  may  be  recognised.  In  the  first  of  these, 
the  beak  is  what  has  been  generally  called  “  conirostral,”  being 
on  the  whole  widely  conical,  broad  at  the  base,  and  tapering 
with  considerable  rapidity  to  the  apex  (fig.  424,  D).  In  the 
second  or  “  dentirostral  ”  type  of  bill,  the  upper  mandible  has 
a  more  or  less  distinct  notch  in  its  lower  margin  near  the  tip 
(fig.  424,  B).  In  the  third  or  so-called  “  fissirostral  ”  type  of 
bili,  the  beak  is  short,  with  a  wide  gape,  its  sides  often  pro¬ 
tected  by  bristles  (fig.  424,  C).  This  form  of  bill  occurs  also 
in  some  Picarian  birds.  Lastly,  the  so-called  “  tenuirostral  ” 
type  of  bill — likewise  seen  in  various  Picarian  birds,  such  as 
the  Hoopoe  (fig.  424,  A) — is  long  and  slender,  gradually 
tapering  from  the  base  to  the  apex. 

The  order  of  the  Passerine  Birds  is  an  exceedingly  large  one, 
and  comprises  more  than  half  the  known  species"  of  the  class 
Aves.  The  classification  of  the  order  into  minor  groups  has 
proved  a  matter  of  corresponding  difficulty,  and  ornithologists 
are  as  yet  by  no  means  agreed  as  to  the  basis  upon  which  the 
order  should  be  arranged.  Here,  therefore,  it  will  be  sufficient 
to  glance  in  the  briefest  possible  manner  at  the  principal 
families  of  the  order. 

The  great  majority  of  the  Passeres  are  what  would  usually 
be  called  “Song-birds,”  and  all  of  these  have  the  muscles  of 
the  lower  larynx  or  “syrinx”  attached  to  the  ends  of  the  bron¬ 
chial  semi-rings  ( Passeres  acromyodi).  On  the  other  hand, 
there  are  a  few  groups  of  the  order,  mostly  confined  to  the  New 
World,  which  are  songless,  and  have  the  muscles  of  the  syrinx 
attached  to  the  middle  of  the  bronchial  semi-rings  (. Passeres 
mesomyodi).  The  following  are  the  principal  families  included 
in  the  more  normal  division  of  Passeres,  often  spoken  of  as  the 
division  of  the  Oscines  or  Song-birds  : — 

1.  Corvidtz. — This  is  a  large  group  of  Passerine  birds,  characterised  by 
their  long,  strong,  and  compressed  beak,  the  base  of  which  is  furnished 
with  bristles.  I  he  Crow  family  has  representatives  in  almost  every  region 
of  the  globe,  familiar  British  forms  being  the  Raven  (Corvus  corax),  the 
Carrion  Crow  (C.  corone),  the  Rook  (C.  frugilegus),  the  Hooded  Crow  (C. 
cornix ),  the  Jackdaw  (C.  monedula),  the  Red-legged  Crow  or  Chough 
(Fregiius  graeulus),  the  Magpie  (Pica  rustic  a),  and  the  common  Jay 
( Garni  It  is  glandarius). 
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2.  Paradiseidcc.  — The  “  Birds  of  Paradise”  comprised  in  this  family  are 
confined  to  New  Guinea  and  the  neighbouring  islands,  a  few  forms  only 
(such  as  the  Rifle-birds)  being  Australian.  They  differ  from  the  Crows  in 
the  proportions  of  the  toes  and  in  the  greater  slenderness  of  the  beak,  and 
they  feed  upon  fruit  and  insects.  They  are  remarkable  for  the  brilliant 
plumage  of  the  males,  the  females  being  much  less  gorgeously  feathered. 
In  the  words  of  Mr  Wallace— “  They  are  characterised  by  extraordinary 
developments  of  plumage,  which  are  unequalled  in  any  other  family  of 
birds.  In  several  species  large  tufts  of  delicate,  bright-coloured  feathers 
spring  from  each  side  of  the"  body,  forming  trains,  fans,  or  shields ;  and 
the  middle  feathers  of  the  train  are  often  elongated  into  wires,  twisted 
into  fantastic  shapes,  or  adorned  with  the  most  brilliant  metallic  tints.  In 
another  set  of  species,  the  accessory  plumes  spring  from  the  head,  the 
back,  or  the  shoulders  ;  whilst  the  intensity  of  colour  and  of  metallic  lustre 
displayed  by  their  plumage  is  not  to  be  equalled  by  any  other  birds,  except, 
perhaps,  the  Humming-birds,  and  is  not  surpassed  by  these.” 

-.  Oriolidcs. _ The  “Orioles”  are  entirely  confined  to  the  Old  World, 

a  familiar  species  being  the  Golden  Oriole  ( Oriolus  galbula )  of  Southern 
Europe  and  Africa.  [The  birds  generally  called  “Orioles”  in  the  United 
States  belong  to  a  different  family — viz.,  the  Icterida.\ 

4.  Muscicapidtt. — The  “Fly-catchers”  feed  upon  insects,  and  have  a 
short  bill,  notched  in  front,  and  having  its  base  furnished  with  bristles. 
They  are  mostly  sedentary,  catching  their  prey  from  a  fixed  point.  A 
familiar  example  is  the  common  Fly-catcher  ( Muscicapa  gnsola) 

5  Turdidce.  — The  “  Thrushes”  have  the  bill  of  moderate  length,  com¬ 
pressed,  and  curved  towards  its  tip,  and  are  mostly  insectivorous.  T  he  fam¬ 
ily  is  represented  in  Britain  by  the  familiar  Song-thrush  [Tardus  mustcus), 
the  Fieldfare  ( T.  viscivorus),  and  the  Blackbird  (7.  went  la),  the  widely 
distributed  “  Robin  ”  of  the  United  States  and  Canada  is  a  Thrush  ( I  Urdus 
migratorius ) ;  and  the  American  Mocking-birds  [Mimas)  also  belong  to 

t'1g  ^Sylviuhc  —This  family  is  very  closely  related  to  the  preceding,  and 
the  boundaries  between  the  two  cannot  be  strictly  defined.  The  beak  is 
awl-shaped,  and  the  tarso-metatarsus  is  covered  with  separate  shields. 
Many  of  the  most  familiar  song-birds  belong  here.  Well-known  forms 
are  the  true  Warblers  (Sylvia),  the  Nightingales  ( Luscima ),  the  Gold- 
crested  Wren  [Regains),  the  Robin  Redbreast  [Erythaca  nwecula),  the 
Stonechats  [Saxico/a),  the  Hedge-sparrows  [Accentor),  and  the  Redstarts 
( Rati  cilia).  The  true  Wrens  [Troglodytes)  are  sometimes  placed  in  the 
present  family,  but  are  often  regarded  as  the  type  of  a  separate  family. 

1  7.  Laniidcc.  —  The  “Shrikes”  or  “Butcher-birds  included  in  this 
family  have  the  upper  mandible  (fig.  424,  B)  hooked  at  its  point,  and  with 
a  marginal  tooth  near  its  tip.  They  are  carnivorous,  feeding  mostly  on 
worms  and  insects,  but  occasionally  destroying  small  birds  or  mice. 

8.  Far  idee. The  “Titmice”  are  small,  often  exceedingly  elegant  birds, 

with  a  conical  straight  bill,  and  a  well-developed  tail.  There  is  no  notch 
in  the  till  of  the  upper  mandible.  The  '1  itmice  have  a  very  wide  distnbu- 
tion  being  particularly  abundant  in  the  Palsearctic  and  Nearctic  provinces. 
Common  "British  species  are  the  Great  Titmouse  [Pants  mayor),  and  the 
Blue-headed  Titmouse  (/’.  ccentleus).  Closely  allied  to  the  1  its  are  the 

Nut-hatches  [Sitta).  ,  , 

o  Certhiidce—  The  “  Creepers”  are  very  like  Woodpeckers  in  appear¬ 
ance  and  habits  The  tail-feathers  are  stiff,  and  assist  the  bird  in  running 
up  the  trunks  of  trees.  The  bill  is  long,  slender,  and  curved.  The  Creep¬ 
ers  are  insectivorous,  the  common  Brown  Creeper  [Certhia  famthans ) 
being  abundant  in  Britain. 
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10.  Melipii agida. — The  “  Honey-eaters  ”  are  exclusively  confined  to  the 
Australian  province,  and  are  characterised  by  their  long,  c.urved,  slender 
bills,  and  by  the  fact  that  the  long  and  extensile  tongue  is  cleft,  and  ter¬ 
minates  in  a  brush  of  bristle-like  filaments. 

11.  Nectariniida.- — The  “Sun-birds”  are  nearly  related  to  the  preced¬ 
ing,  having  “  tenuirostral  ”  beaks,  with  a  protrusible  and  deeply  cleft 
tongue.  They  are  birds  of  beautiful  plumage,  resembling  the  Humming¬ 
birds  both  in  appearance  and  habits.  They  are  confined  to  the  hotter 
regions  of  the  Old  World,  being  particularly  abundant  in  Africa  and 
Southern  Asia. 

12.  Motaallida. — The  “Wagtails”  have  slender  bills,  generally  long 
tails,  and  the  wings  of  moderate  length,  with  nine  primary  quill-feathers. 
Besides  the  true  Wagtails  ( Motacilla ),  the  family  includes  the  lark-like 
Pipits  (Ant hits). 

*3-  Hirundinida;.-  The  true  “Swallows”  included  in  this  family  ex¬ 
hibit  the  closest  resemblance  in  externals  to  the  Swifts,  but  nevertheless 
present  wide  differences  from  the  latter  as  regards  the  details  of  their  inter¬ 
nal  organisation.  They  have  the  “  fissirostral  ”  type  of  beak  (fig.  424,  C), 
with  the  gape  wide,  and  bordered  by  bristles.  The  wings  are  very  long, 
with  nine  primary  quill-feathers,  the  tail  forked,  and  the  legs  short  and 
weak,  the  hallux  being  turned  backwards.  The  Swallows  are  insectivorous, 
and  catch  their  prey  upon  the  wing.  The  Swallows  have  an  almost  univer¬ 
sal  distiibution,  common  British  species  being  the  common  Swallow  ( Hir- 
undo  rustica),  the  Martin  (H.  urbica ),  and  the  Sand-martin  (H.  riparia). 

14.  7'anagndcc.—  The  “Tanagers”  in  many  respects  resemble  the  true 
Finches,  but  possess  a  “  dentirostral”  bill,  the  upper  mandible  being 
notched  or  toothed.  They  feed  on  fruits  and  insects,  and  are  often  bril¬ 
liantly  coloured.  They  are  exclusively  confined  to  the  New  World,  and 
are  mostly  South  American. 

15.  Fringillidce. — The  great  family  of  the  “Finches”  is  distributed 
over  the  whole  world,  Australia 
alone  excepted  (if  the  Weaver- 
finches  be  excluded  from  this 
family).  All  the  true  Finches 
have  the  “  conirostral  ”  type  of 
bill,  the  beak  being  stout  and 
conical,  with  a  sharp  apex,  but 
not  having  the  upper  mandible 
toothed  (figs.  424,  I),  and  425). 

There  are  nine  primary  quill- 
feathers  in  the  wing.  As  ex¬ 
amples  of  the  Fringillidce  may 
be  mentioned  the  Chaffinches  1  42-y  ~  Bead  of  the  Common  Bullfinch 

and  their  allies  (Fringilla),  the  tndTeak*  V"lsaris)'  sho'vil'g  the  col'iros- 
House  -  sparrows  (Pyrgita  or 

Passer),  the  Goldfinches  and  Siskins  (Carduelis),  the  Bullfinches  ( Pyrrhtt - 
la),  the  Linnets  (Li not  a),  the  Greenfinches  and  Grosbeaks  (Coccothraustes), 
the  Crossbills  (Loxia),  the  Buntings  and  Yellowhammers  (Emberiza),  and 
the  Hang-nests,  or  American  Orioles  (Icteridcc). 

16.  SturnidcB.  I  he  birds  included  in  the  Starling  family  have  com¬ 
paratively  long  straight  bills,  and  have  ten  primary  quill-feathers  in  the 
wing,  of  which  the  first  is  short.  The  feet  are  large  and  strong,  and  are 
adapted  for  walking  on  the  ground.  The  Starlings  are  found  all  over  the 
Old  World,  except  in  the  continent  of  Australia  ;  and  the  common  Star¬ 
ling  (Slurnus  vulgaris)  is  a  familiar  European  bird. 

17.  Alaudidic. —  I  he  “Larks”  have  ten  primary  quill-feathers,  but  the 
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first  is  rudimentary.  The  claw  of  the  hind-toe  is  usually  long  and  straight. 
The  most  familiar  British  species  is  the  Skylark  (Alauda  arvensis). 


In  addition  to  the  preceding,  there  are  included  in  the 
order  of  the  Passerine  Birds  a  number  of  forms  which  are  song¬ 
less,  mostly  ground-loving  birds,  and  which  have  the  so-called 
“  mesomyodian  ”  type  of  syrinx.  With  the  exception  of  the 
family  of  the  Ant-thrushes  (. Pittidce )  of  the  warmer  regions  of 
the  Old  World,  and  the  singular  Lyre-birds  ( Menurida ?)  of 
Australia,  all  the  forms  included  in  this  section  are  found  in 
North  and  South  America.  The  chief  families  are  the  Tyrant- 
birds  ( Tyrannida ?),  the  American  Ant-thrushes  (. Formicariidce ), 
the  American  Chatterers  ( Cotingidcc ),  and  the  American 
Creepers  (. Dendrocolctptida r). 

Order  XII.  Picarije.— ' The  order  of  the  Picarian  Birds  is 
a  large  and  ill-defined  division,  corresponding  to  the  old  order 
of  the  Scansores  (exclusive  of  the  Parrots),  together  with  most 
of  the  birds  formerly  included  in  the  “  fissirostral  ’  section  of 
the  Perching  Birds.  The  sternum  of  the  Picaruz  is  generally 
furnished  with  a  double  notch  in  its  hinder  margin  on  each 
side,  and  the  hallux  is  not  provided  with  a  separate  flexor 
muscle,  as  it  is  in  the  Passerine  Birds.  The  condition  ot  the 
foot  varies  greatly ;  but  two  principal  types  are  recognisable. 
In  one  of  these  the  foot  is  of  the  “scansorial”  or  “  zygodac- 
tyle  ”  type,  the  fourth  or  outer  toe  being  permanently  turned 
backwards  along  with  the  hallux,  or  being  capable  of  being  so 
reversed  (in  the  Trogons  it  is  the  second  or  inner  toe  which  is 
thus  turned  backwards).  1  he  foot  thus  comes  to  consist  ot 
two  toes  in  front  and  two  behind,  and  is  specially  adapted  tor 
climbing.  The  other  principal  type  of  foot  in  the  Picarue  is 
the  so-called  “  syndactyle  ”  type,  in  which  the  two  outer  toes, 
and  sometimes  the  inner  toe  also,  are  more  or  less  completely 
united  to  one  another  by  the  skin,  the  hallux  alone  being 
turned  backwards.  In  most  of  the  Swifts,  again,  the  hallux  is 
turned  forwards  along  with  the  other  toes.  In  other  forms, 
finally,  such  as  the  Humming-birds  and  Hoopoes,  the  foot 
more  nearly  resembles  that  of  the  Perchers. 

The  Picarian  Birds  are  monogamous,  and  bring  forth  help¬ 
less  young.  The  eggs  are  mostly  white,  and  the  nest  is  com¬ 
monly  made  in  a  hole  in  a  tree  or  in  a  crevice  in  rocks. 

The  numerous  forms  included  under  the  head  of  Picarue 
may  be  briefly  considered  under  the  following  six  principal 
sections  : — 


j  Cucui.oidE/E. — The  principal  family  included  in  this  section  is  that 
of  the  Cuckoos  and  their  allies  ( Candida ).  The  bill  in  the  Cuckoos  is  of 
moderate  length,  with  a  wide  gape,  the  nostrils  being  placed  low  down  in 
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a  gioove.  The  outer  toe  is  reversible,  but  the  Cuckoos,  though  living  in 
wooded  districts,  are  not  climbing  birds.  The  Cuckoos  are  found  in  all 
the  warmer  regions  of  the  globe,  and  are  remarkable  for  the  habit  which 
many  of  them  possess  of  laying  their  eggs  in  the  nests  of  other  birds, 
instead  of  nidificating  and  incubating  on  their  own  account.  This  habit 
seems  to  be  connected,  in  part  at  any  rate,  with  the  fact  that  the  successive 
eggs  are  laid  at  prolonged  intervals.  The  only  bird  not  belonging  to  the 
Cuckoos  which  !s  known  to  have  the  same  “  parasitic”  habit,  is  the  Cow- 
bunting  {Molothrus pecons)  of  the  United  States.  As  a  rule,  only  one  egg 
is  deposited  in  each  nest,  and  the  young  Cuckoo  which  is  hatched  from  it 
is  brought  up  by  the  foster-parent,  generally  at  the  expense  of  the  legiti- 
ia  e  o  spiing.  A  numbei  of  Cuckoos,  however,  build  nests  for  them¬ 
selves  111  the  ordinary  manner  ;  and  it  is  noticeable  that  in  some  of  these 
blllS  r  aiy  ,atr  as’/or  examPIe’  1,1  the‘  Coccyzus  americanus  or  Yellow- 
iS,S1Ck?°  °f,the  Un!teC  States)>  t,le  successive  eggs  are  laid  at  con¬ 
siderable  intervals  so  that  well-developed  young  may  be  found  in  the 
same  nest  with  a  fresh-laid  egg. 

common  British  Cuckoo  is  the  Cuculus  canorus.  Tim  common 
Cuckoos  of  the  United  States  belong  to  the  genus  Coccyzus.  The  largest 

Af„'^lCUCkvr°S  1S  th,°  great  Channel-bill  ( Scytkrops  Nova-Hollandi J)  of 
Australia.  More  or  less  nearly  allied  to  the  Cuckoos  are  the  Honey-guides 

a,nd  lI}e  1  hntain-eaters  {Musophagida),  all  the  members  of 
^vtnch  aie  found  in  the  warmer  parts  of  the  Old  World. 

family  included  here  is  that  of 
he  Caprimulgida  or  Goatsuckers,  in  which  the  beak  is  of  the  typical 
fissirostral  form  (fig.  426), 
being  short  and  remarkably 
wide  in  its  gape,  its  hinder 
margin  being  fenced  in  by  a 
number  of  bristles  {vibrissa). 

The  Goatsuckers,  as  represent¬ 
ed  by  the  common  European 
Night-jar  ( Caprhtiulgits  euro- 
picus),  are  insectivorous,  noctur¬ 
nal,  and  in  some  respects  Ovvl- 
hke  birds.  They  have  a  lax 
and  soft  plumage,  large  eyes, 
and  a  hawking  flight.  The  feet 
are  short  and  weak,  and  the 
middle  toe  has  a  serrated  claw. 

well  -  known  American 
Xight-jar  is  the  Whip-poor- 
will  {Antrostomus  voci ferns)  ; 

”  MoLnoiT”Tk/rtlaIi^  f°rni’  !)eIonging  t0  an  allie<l  family,  is  the 
in‘  P,  ,•  {Po^argtu  Cuvien).  A  more  remarkable  type,  also  represent- 

Clntial  America ^and^Trinidad  0m*an  Wrd  ^Steator>iis  cari^  of 

Station  ^  CTUr?;.  b\  daShVlg  int0  ‘he  water  from  some-  elevated 
the  I  in  r  ?  W  Kingfishers  have  the  same  habit  ;  but  some  such  as 
Laughmg  Jackass  (Dacelo  gigas)  of  Australia,  are  principally  insect - 

2  Y 


f  lg.  426.  Head  of  Goatsucker  (Caprlwulgus), 
showing  the  fissirostral  form  of  beak. 
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feeders.  A  very  beautiful  North  American  species  is  the  Belted  king¬ 
fisher  [Ceryle  alcyon). 

The  Bee-eaters  ( Meropida )  are  entirely  confined  to  the  Old  \\  orld,  and 
resemble  the  Kingfishers  in  having  a  “  syndactyle  ”  foot.  They  have  long 
curved  and  pointed  bills,  and  feed  upon  insects.  Allied  to  the  preceding 
are  the  Motmots  ( Momotidee )  of  Central  and  Southern  America,  and  the 
Todies  ( Todidce)  of  the  West  Indian  Islands. 

A  more  remarkable  group  of  birds  which  may  be  placeo  here,  is  that  oi 
the  Hornbills  (. Bucerotida ).  The  Hornbills  are  large  birds,  with  very 
large  bills  surmounted  by  a  kind  of  crest  or  helmet-shaped  structure,  com¬ 
posed  of  bone  rendered  light  by  the  presence  of  numerous  air-cells.  1  he 
foot  is  of  the  “  syndactyle”  type.  The  Llornbills  are  exclusively  confined 
to  the  hotter  regions  of  the  Old  World,  and  they  live  for  the  most  Palt 
upon  fruits.  A  well-known  species  is  the  Rhinoceros  Hornbill  ( Bitceros 
rhinoceros)  of  Malacca  and  Borneo.  The  nests  are  usually  made  in  trees, 
and  the  male  has  the  curious  habit  of  imprisoning  the  female  within  the 
nest  during  the  period  of  incubation,  by  plastering  up  the  external  opening 
of  the  nest  with  mud,  leaving  only  a  small  aperture  through  which  he 
supplies  food  to  the  mother  and  offspring. 

Related  to  the  Hornbills,  though  totally  unlike  them  in  appearance,  are 
the  elegant  birds  which  form  the  family  of  the  Hoopoes  ( Upupuuc ). 
Onlv  the  single  genus  Upupa  is  known,  including  some  half-a-dozen 
species,  all  of  which  are  found  in  the  Old  World.  The  common  Hoopoe 
( Upupa  epops)  is  an  inhabitant  of  the  continent  of  Europe,  and  occasion¬ 


ing.  427.  A,  Foot,  and  H,  Head  of  Woodpecker. 
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I' he  Woodpeckers  ( Ptadte )  are  thoroughly  adapted  for  climbing,  as  also 
tor  obtaining  the  insects  on  which  they  feed  from  under  the  bark  of  trees 
or  in  decayed  wood.  The  foot  is  “  scansorial,”  the  outer  toe  being  turned 
back  along  with  the  hallux,  and  the  claws  are  crooked  and  sharp-pointed 
*  large  size,  and  is  pointed  or  wedge-shaped 

(ng-  427,  B),  being  suited  for  the  excavation  of  wood  by  repeated  blows, 
lhe  tail-feathers,  in  the  typical  members  of  the  group,  terminate  in  stiff 
pointed  ends,  and  assist  the  bird  in  running  up  the  trunks  of  trees.  The 
tongue  is  very  long  and  extensible,  and  is  barbed  at  its  point  :  the  great 
cornua  of  the  hyoid  bone  being  of  great  length,  and  bending  over  the  back 
and  top  of  the  skull  to  be  attached  anteriorly  near  the  base  of  the  upper 
mandible  The  bird  catches  insects  by  transfixing  them  with  its  protrusible 
tongue,  the  operation  being  facilitated  by  the  copious  supply  of  viscid 
saliva  poured  into  the  mouth  by  the  greatly  developed  salivary  glands.  The 
Woodpeckers  nest  m  holes  in  trees,  and  are  unsociable,  untamable  birds, 
often  beautifully  coloured,  and  given  to  wandering  from  place  to  place. 

1  hey  are  represented  in  all  regions  except  Australia.  Allied  to  the  Wood- 
peckers  proper,  but  having  the  quill-feathers  of  the  tail  flexible  and  soft, 
are  the  \\  ry-necks  (  Yunx),  the  species  of  which  are  found  in  the  Palrearctic 
and  Ethiopian  provinces.  Some  authorities  likewise  place  the  Barbets 
tsucconidcc)  of  Aeotropical  regions  in  the  neighbourhood  of  the  Wood- 
peckers. 

lhe  Toucans  (Rhamphastidcr)  form  a  remarkable  group  of  birds  which 

outer  top1  b  -he  tW°0d/fckers  in  having  a  strictly  «  scaiLrial  ”  foot,  the 
ni  l  L  being  turned  back  along  with  the  hallux.  Their  most  remark- 
.  ,  ?nh,araC‘,er-  h°wever,  is  to  be  found  in  the  form  of  the  bill,  which  is 

•  J  if  ge’  °Jiger  -p,a a  t  le  lead’  ancl  sometimes  of  comparatively  gigantic 
size  (fig.  428).  The  mandibles  are,  however,  to  a  very  great  extent 


I*  ig.  428.—  Head  of  Toucan. 

tolls’, rS  w ■“  lhal  llle  w“Eht  Of  11,0  1, ill  is  much  less  than 

ts  ust. 

X;  TKOGONOU.E^.—Tliis  seclion  includes  only  the  Tropons  ( Tra<-onid„-\ 
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resemble  the  Goatsuckers,  having  short  depressed  bills,  with  a  very  wide 
gape,  which  is  bordered  behind  by  bristles.  The  legs  are  short  and  weak, 
and  the  foot  is  “  scansorial,”  but  differs  from  that  of  the  Picoidea  in  the 
fact  that  it  is  the  inner  or  second  toe  that  is  turned  back  along  with  the 
hallux.  The  Trogons,  in  spite  of  the  structure  of  the  foot,  are  poor 
climbers,  and  their  food  may  be  insects  only,  or  of  a  mixed  kind. 

VI.  Cypseloide/E. — This  section  includes  the  two  families  of  the 
Swifts  ( Cypselidcc )  and  the  Humming-birds  ( Trochilidcc).  The  Swifts  are 
swallow-like  birds,  with  long  pointed  wings  and  a  remarkable  power  ot 
rapid  and  prolonged  flight.  The  bill  (fig.  424,  C)  is  of  the  “  fissirostral 
type,  being  short,  depressed,  and  weak,  with  a  wide  gape  fringed  b) 
bristles.  The  legs  are  very  short  and  weak,  with  short  feeble  toes,  the 
hallux  being  in  most  cases  turned  forward  along  with  the  three  anterior 
toes.  The  Swifts  are  almost  universally  distributed,  being  absent  from 
New  Zealand  ;  and  a  familiar  type  is  the  common  Swift  (Cypselus  apus). 

The  Humming-birds  ( Trochilidcc )  are  in  many  respects  allied  to  the 
Swifts,  but  are  in  other  respects  an  extremely  well-defined  group.  1  earlv 
four  hundred  species  of  Humming-birds  are  known,  all  of  small  size,  and 
including  the  most  fragile  and  brightly  coloured  of  all  the  birds,  some  not 
weighing  more  than  twenty  grains  when  alive,  and  many  exhibiting  the 
most  bi'miant  play  of  metallic  colours.  The  Humming-birds  are  pre¬ 
eminently  South  American,  but  extend  northwards  as  fai  even  as  t  le 
southern  portions  of  Canada.  The  bill  is  always  very  long  and  s  ender. 
as  are  the  toes  also.  The  tongue  is  long,  protrusible,  and  deeply  cleft,  its 
tip  being  brush-like  or  papillose,  and  it  appears  to  be  used  either  to  ea  ch 
insects  within  the  corollas  of  flowers,  or  to  suck  up  the  juices  of  the 
flowers  themselves.  The  plumage  of  the  males  is  always  bill bant,  with 
metallic  reflections,  that  of  the  females  generally  comparatively  sombre. 
The  legs  are  short  and  weak,  but  the  wings  are  proportionately  very  long, 
and  the  flight  is  exceedingly  rapid. 

Order  XI II.  Psittaci. — This  order  includes  the  Parrots, 
and  is  characterised  by  the  fact  that  the  upper  mandible  ot 


the  bill  (fi<T  440)  is  strongly  arched  and  hooked  at  its  tip, 
the  nostrils'  being  pierced^  a  cere  at  its  base.  The  lower 
mandible  of  the  beak  is  shorter  than  the  upper  one,  within 
which  it  bites,  and  it  is  also  hooked  at  its  tip.  1  he  uppe 
mandible  is  articulated  with  the  skull  by  a  lunge-joint,  gie. 


CARINAT.E. 


709 


mobility  of  the  beak  being  thus  conditioned.  The  palate  is 
largely  completed  by  bone,  and  the  vomer  is  wanting.  The 
tongue  is  thick  and  fleshy,  in  some  cases  ( Trichoglossus )  ter¬ 
minated  by  brush-like  papillae.  The  legs  are  feathered  down 
to  the  short  tarso-metatarsus,  and  the  foot  (fig.  429)  is  of  the 
thoroughly  “  scansorial  ”  type,  the  outer  toe  being  turned  back- 
wuu  s  along  with  the  hallux.  The  claws  are  curved,  and  the 
nil  is  used  as  a  kind  of  third  foot,  the  feet  being  thus  allowed 
to  be  employed  in  prehension.  The  clavicles  are  weak,  often 
not  united  to  form  a  furcula,  and  sometimes  absent.  The 
sternum  is  without  notches  in  its  hinder  margin. 

The  Parrots  are  arboreal,  fruit-eating  birds,  which  inhabit 
the  warmer  regions  of  the  Old  and  New  Worlds,  and  of  which 
about  four  hundred  species  are  known.  Their  plumage  is 
generally  bright  and  gaudy  in  its  coloration,  and  their  voice  is 
mostly  harsh  grating,  and  dissonant.  They  are  mostly  soci¬ 
able  in  their  habits,  are  monogamous,  make  their  nests  chiefly 
m  holes  in  trees,  and  bring  forth  helpless  young.  In  many 
lespects  the  Parrots  may  claim  to  be  regarded  as  the  highest 
group  of  the  birds. 

Ihe  following  are  the  principal  families  of  the  Psittaci 


1.  Plyctolophida.  This  group  includes  the  “Cockatoos,”  which  are  ex¬ 
clusively  confined  to  the  Australian  province,  and  are  in  general  easily 
recogn^ed  by  the  possession  of  an  erectile  crest  of  feathers  on  the  head 


J  lS-  43^-  Head  of  Cockatoo. 


fanli,y  includes  the  true  Parrots,  familiarly  exem- 

inlv  -L  (,1iey  Parr0t  (/>S%r<S  ‘rytJuuus)  of  Africa,  which  ’is  com- 

some  f  P  V°m,CStlC,pet-  1  he  true  Errols  are  mainly  African,  but 
some  forms  are  found  in  the  Neotropical  province. 

„2\Co.nuri.‘*?-~ This  family  includes  the  “Macaws”  (Am.  &c  )  which 

troni  'al'n't,,U1She<l  by,thfir  lonS  ‘ails,  and  are  wholly  confined  to  the  Neo- 
pmal  province  and  the  warmer  parts  of  North  America. 


;io 
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4.  Platycercidce.—  The  forms  included  in  this  family  are  nearly  related 
to  the  preceding,  and  are  usually  known  as  “  Parrakeets.”  The  typical 
members  of  the  group  are  confined  to  the  Australian  province. 

r  Trichoglossida.—  This  family  comprises  the  Brush-tongued  Parrots 
( Trichoglossus)  and  Lories,  all  of  which  are  found  in  the  Australian  prov- 

1,1C6.  Nestoridce.  —  This  family  comprises  only  the  single  genus  Nestor,  which 
is  confined  to  New  Zealand  and  Norfolk  Island.  Ihe  Philip  Island  Tariot 
(Nestor  productus )  has  not  been  found  alive  since  the  year  1851.  „ 

7.  Strigopida  —  This  family  includes  only  the  singular  Kakapo  01 
“Owl-parrot”  (Strigops  habroptilus,  fig.  431)  of  New  Zealand.  Ihe  heat 


of  the  Kakapo  is  Owl-like  ;  and  though  its  wings  are  well  developed,  it 
does  not  appear  to  use  them  for  flight.  In  fact,  the  keel  upon  the  sternum 
is  rudimentary,  and  the  clavicles  are  wanting.  Unlike  the  ordinary  1  an ots, 
the  Strigops  is  a  solitary  bird,  which  is  only  active  by  night,  spending  the 
day  in  holes  in  rocks  or  in  burrows  in  the  ground. 

Order  XIV.  Raptores  or  Accipitkks.— The  “Birds  of 
Prey  ”  which  form  this  order,  are  characterised  by  the  shape  of 
the  bill,  which  is  sharp-edged  and  sharp-pointed,  and  is  adap¬ 
ted  for  killing  animals,  or  for  tearing  up  flesh  1  he  upper 
mandible  is  the  longest  (fig.  43 2)>  and  is  strongly  hooked  at  its 
tin.  The  base  of  the  upper  mandible  is  furnished  with  a.  flesh) 
“cere”  in  which  the  nostrils  are  pierced.  The  body  is  very 
muscular,  and  the  legs  are  usually  short  and  robust,  the  feet 
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being  powerful,  with  three  anterior  toes  and  a  backward!)- 
directed  hallux,  all  provided  with  long  curved  claws  or  talons. 
The  wings  are  mostly  pointed,  and  of  considerable  size,  and 
the  flight  is  usually  rapid  and  powerful.  The  clavicles  are 
well  developed,  and  the  sternum  has  a  large  carina.  The 


I  ig.  432.  Head  of  Sea-Eagle  ( Haliaetus ).  a  Supraciliary  ridge  ;  b  Cere,  in  which  the 
nostrils  are  pierced.  (After  Keulemans.) 


crop  is  present,  except  in  Owls,  and  the  gizzard  is  thin  and 
membranous. 

1  he  Birds  of  Prey  are  monogamous,  and  the  females  are 
usually  larger  than  the  males.  They  generally  build  their 
nests  in  lofty  and  inaccessible  situations,  and  rarely  lay  more 
than  four  eggs,  irom  which  the  young  are  liberated  in  a  naked 
and  helpless  condition. 

The  Birds  of  Prey  have  been  often  divided  into  the  two 
sections  of  the  Nocturnal  and  Diurnal  Raptores,  but  the 
division  is  not  a  satisfactory  one,  as  some  of  the  Owls  are 
active  by  day.  By  Mr  Bowdler  Sharpe  the  order  is  divided 
into  the  three  primary  divisions  of  the  Singes  (Owls),  the 
Paicones  (Hawks,  Ragles,  Vultures),  and  the  Pandiones  (Os¬ 
preys),  the  characters  and  chief  groups  of  which  may  be 
briefly  noticed. 

Section  I.  Striges.— Outer  toe  reversible;  tibia  twice  as 
long  as  the  tarsus;  body  -  feathers  without  an  after -shaft- 
plumage  soft ;  a  facial  disc  present. 


I  his  section  includes  only  the  Owls,  the  majority  of  which  are  noc¬ 
turnal  in  their  habits  The  foot  in  the  Owls  has  the  outer  toe  rever- 
S'b‘e’  °r  “PabIe  of  beinS  turned  backwards  along  with  the  hallux  (fin 
7M’  S’.'  1  he  tarso-metatarsus  is  short,  about  half  the  length  of  the  tibia 

and  u  is  usually  feathered  as  also  commonly  are  the  toes^  All  the  toes 
are  furnished  with  powerful  hooked  talons.  The  eyes  are  of  large  si/e,  and 

acomlde  Cd  f°-rWards’,  theI(fe,ath1fs  of  the  face  being  disposed  sows  to  form 
a  complete  or  incomplete  disc  round  each  eye  (fig.  433,  11).  The  cloth- 

ing-feathers  have  no  after-shafts,  and  the  plumage  is  exceedingly  loose  and 

comm?  \  VhC  f lght>  6Ven  °f  thf  IaTe  species,  is  almost  noifeless  Very 
commonly  the  plumage  is  spotted  or  barred  with  different  shades  of  grey! 


g.  433. — A,  Foot  of  the  Long-eared  Owl  (Otus  vulgaris)  ;  B,  Head  of  tlv 


e  same. 


tible  portions  of  the  food  are  rejected  by  regurgitation  from  the  stomach 
in  the  form  of  small  pellets.  The  Owls  mostly  hunt  the  small  vertebrate 
animals  which  constitute  their  chief  food,  by  twilight  ;  but  there  are 
species  which  hunt  by  day.  The  Owls  have  a  universal  distribution,— 
the  two  commonest  British  species  being  the  Barn  Owl  {Stnx  flammed) 
and  the  Tawny  Owl  {Syrnium  stridula),  representing  respectively  the 
two  families  {Strigidce  and  Bubonidte)  into  which  Mr  Sharpe  divides  the 
Striges. 

Section  11.  Pandiones. — Outer  toe  reversible;  tibia  double 
the  length  of  the  tarsus ;  body-feathers  without  an  after-shaft ; 
plumage  compact;  no  facial  disc.  This  section  comprises 
only  the  single  genus  Patidion,  which  approaches  the  Owls  in 
the  possession  of  a  reversible  outer  toe,  the  absence  ot  after¬ 
shafts  to  the  contour  feathers,  and  the  proportions  of  the  tibia 
and  tarso-metatarsus,  while  it  resembles  the  Falcons  in  the 
compact  character  of  the  plumage  and  the  absence  ot  a  facial 
disc.  The  only  species  known  is  the  Osprey  or  Fishing- 
eagle  ( Pandion  haliaetus),  which  is  found  almost  all  over  the 

world,  and  lives  entirely  upon  fish. 

Section  111.  Falcones. — Outer  toe  not  reversible;  tibia 
varying  in  length  in  proportion  to  the  tarsus,  sometimes  equal 
to  it,  but  never  double  the  length  ot  the  latter;  body-leathers 
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brown,  or  yellow.  The  beak  is  strongly  hooked,  and  furnished  at  its  base 
with  bristles,  which  more  or  less  conceal  the  “  cere  ”  in  which  the  nostrils 
are  pierced.  The  cranial  bones  are  highly  pneumatic,  and  the  skull  is 
therefore  of  large  size.  Very  often  there  is  an  auricular  tuft  of  feathers 
round  the  external  meatus  auditorius,  which  may  be  further  piotected  by  a 
flap  of  skin.  The  oesophagus  is  not  dilated  into  a  crop,  and  the  indiges- 
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(except  in  the  Cathartida)  without  after- shafts ;  plumage 
compact  (Bowdler  Sharpe).  This  section  includes  tile 
Hawks,  Falcons,  and  Eagles,  the  Old  World  Vultures,  the 
American  ^  ultures,  and  the  Secretary  Birds,  the  following 
being  the  principal  families  : — 

1.  Falconidcc.— In  this  family  the  head  and  neck  are  always  clothed 
with  feathers,  and  the  eyes  are  more  or  less  sunk  in  the  head,  and  are  pro¬ 
vided  with  a  supraciliary  ridge  or  eyebrow  (fig.  432).  It  is  to  a  great 
extent  to  the  presence  of  this  ridge  that  these  birds  owe  their  bold  and 
fearless  expression.  The  plumage  is  firm  and  compact,  and  the  contour- 
eatheis  have  after-shafts.  The  wings  are  long  and  pointed,  and  the  tarso- 
metatarsus  is  generally  bare,  though  the  leg  is  feathered  to  the  toes  in  the 
grea  Bearded  Eagle  or  Lammergeier  (< Gypactus  barbatus).  This  family  is 
divided  into  a  number  of  sub-families,  corresponding,  in  a  general  way 
with  the  groups  of  Raptorial  birds  commonly  known  as  Hawks,  Buzzards’ 
falcons,  and  Eagles. 

2.  Vultundii. —  This  family  includes  the  Vultures  of  the  Old  World 
characterised  by  the  fact  that  the  head  and  neck  are  naked  or  covered 
only  with  down  the  eyes  are  without  supraciliary  ridges,  the  nostrils  are 
separated  by  a  bony  septum,  and  the  feathers  have  after-shafts.  The 

ultures  are  large  carrion-feeding  birds,  which  inhabit  the  hotter  regions 
of  the  Okl  W  orld  generally  Well-known  forms  are  the  Egyptian  Vulture 
\Ne°phron  percnopterus) ,  the  Black  Vulture  (  Vultur  monachus),  and  the 
Griffon  ^  ulture  ( Gyps  fulvus). 

3.  Cathartnhc.— The  “  American  Vultures  ”  included  in  this  family  are 
distinguished  from  the  Vultures  of  the  ( >ld  World  by  having  no  after-shafts 
to  the  clothing-feathers,  and  by  the  fact  that  the  nostrils  are  perforated 
rom  side  to  side  ;  while  they  agree  with  the  latter  in  the  absence  of  eye- 
brows  and  in  having  the  head  and  upper  part  of  the  neck  unfeathered. 

,  bill  is  not  powerfully  raptorial ;  the  talons  are  blunt  and  little  curved  • 
and  the  gullet  has  a  very  capacious  crop.  The  American  Vultures  feed 
principally  upon  carrion,  and  are  mostly  cowardly  and  comparativelv 
tUeaf1Slbl  ■  r  v  'Vlnss>  however,  are  long  and  strong,  and  they  posses^ 

A  p° /•?  fl.lght\  lh!?, grouP  comprises  the  Californian  Vulture 
) Lathaitcs  califormanus)  of  Western  North  America,  the  King  Vulture 
[Sarcorhamphus  papa)  of  tropical  America,  and  the  famous  and  gigantic 
Condor  [Sarcorhamphus  gryphus)  of  South  America. 

4.  Gypogeranida.' —This  family  includes  only  the  single  genus  Gyboeer- 
cuius  or  Serpent  anus,  comprising  only  the  curious  “Secretary  Vulture” 

<i'nfeZ  'n  °f  AfnCrV  Thls  S1"g^r  bird  differs  from  the  Raptures , 
^eneraHy  in  the  great  elongation  of  the  legs,  the  lower  part  of  which  is 

"if  a"d  “leathered  he  wings  are  long,  and  are  aimed  with  blunt 
wWt,  1  e,rry  Bird  lives  principally  upon  snakes  and  other  reptiles, 
k'  S,  T  repeated  and  powerful  blows  with  its  feet,  protecting 
itself  the  while  by  its  outspread  wings.  In  many  of  its  characters  the 
Secretary  Bird  differs  from  the  Raptures,  and  its  true  place  in  the  system  is 
stilt  a  matter  ol  dispute  among  ornithologists. 


714 


MANUAL  OF  ZOOLOGY. 


L  I  T  E  RATU  R  E. 


[In  addition  to  many  of  the  works  mentioned  in  the  list  of  treatises  re¬ 
lating  to  the  Vertebrata  in  general,  the  following  are  some  of  the  more  im¬ 
portant  sources  of  information  as  to  recent  and  fossil  Birds  :  — ] 


I. 


3* 

4- 

5- 

6. 

7- 

S. 

9- 

10. 

11. 

12. 


14- 

15- 
16. 

17- 

18. 

19. 

20. 


22. 


23- 

24. 

25- 

26. 

27- 

28. 

29. 

30. 


33- 

34- 

35 

36. 


Article  “Birds.”  Newton  and  Parker.  ‘ Encyclopaedia  Britan nica,' 
9th  edit.  1873. 

“  Genera  of  Birds.”  G.  R.  Gray.  1844-49. 

“  System  der  Pterylographie.”  Nitzsch  and  H.  Burmeister.  1840. 

“  Pterylography.”  Nitzsch.  Translated  by  Sclater.  ‘  Ray.  Soc.’  1867. 
“  Manuel  d’Ornithologie.”  Temminck.  1820. 

Article  “Aves.”  Owen.  ‘Todd’s  Cyclopaedia  of  Anat.  and  Phys. 
1836. 

“On  the  Classification  and  Distribution  of  the  Alectoromorphre  and 
Ileteromorphae.  ”  Huxley.  ‘  Proc.  Zool.  Soc.  1868. 

“On  the  Classification  of  Birds.”  Huxley.  '  Proc.  Zool.  Soc.  1867. 
“Aves.”  Selenka.  ‘  Bronn’s  Klassen  und  Ordnungen  des  Thier- 
reichs.  ’  1869. 

“  Elements  of  Embryology.”  Foster  and  Balfour.  1 87 4- 
“On  the  Osteology  of  Gallinaceous  Birds  and  Tinamous.”  Parker. 
‘Trans.  Zool.  Soc.’  1866. 

“  On  the  Skull  of  the  Ostrich.”  Parker.  ‘  Phil  Trans. ’  1S66. 

“  Recherches  Anatomiques  et  Paleontologiques  pour  servir  a  1  histoire 
des  Oiseaux  fossiles  de  la  France.”  Alphonse  Milne- Edwards. 
1867-77. 

“  British  Fossil  Mammals  and  Birds.”  Owen.  1846. 

“  Memoir  on  the  Apteryx.”  Owen,  ‘l’roc.  Zool.  Soc.  1842.  ^ 

“Anatomy  of  the  Southern  Apteryx.  ’  Owen.  ‘  1  rans.  Zool.  Soc. 
1838  and  1842. 

“  On  Dinornis.”  Owen.  ‘  Trans.  Zool.  Soc.’  1839-64. 

“  Osteologia  Avium.”  Eyton.  1S61-64. 

“  Osteology  of  the  Dodo.”  Owen.  ‘  Trans.  Zool.  Soc.’  1867. 

“The  Dodo  and  its  kindred.”  Strickland  and  Alelville.  1848. 

“  Archaeopteryx  macrura.”  Owen.  ‘Phil.  1  rans.  1863. 

“  Odontornithes  :  A  Monograph  on  the  Extinct  Toothed  Birds  of 
North  America.”  Marsh.  1880. 

“  General  History  of  Birds.”  Latham.  1821-28. 

“  History  of  British  Birds.”  Macgillivray.  1S39-41. 

“  History  of  British  Birds. ”  Yarrell. 

“Catalogue  of  Birds  in  the  British  Museum.”  Bowdler  Sharpe. 
1874,  1S75,  1877. 

“  Birds  of  Europe.  ”  Gould.  1S32-37. 

“  Birds  of  Australia.”  Gould.  1840-48. 

“  Birds  of  America.”  Audubon.  1826. 

“Birds  of  America.”  Audubon.  (Abridged  from  the  larger  work.) 
1 840-44. 

“  American  Ornithology.”  Wilson.  1808-14. 

“  Catalogue  of  North  American  Birds.”  Baird.  1859. 

“  Key  to  North  American  Birds.”  Coues.  1872. 

“  Fauna  Boreali- Americana.”  Richardson.  (The  Birds  by  Swainson.) 


1831. 

“Manual  of  the  Ornithology  of  the 
Nuttall.  2d  edit.  1840. 

“Birds  of  India.”  Jerdon.  1862-64. 


United  States 


and  Canada.” 


715 
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CHAPTER  LXIII. 


GENERAL  CHARACTERS  OF  THE  MAMMALIA. 

I  he  Quadrupeds  or  Mammalia  constitute  the  Highest  class 
of  the  V ertebrata ,  and  may  be  shortly  defined  as  hot-blooded 
vertebrate  animals  in  which  the  epidermic  exoskeleton  is  in  the 
lorm  ol  hairs  and  never  op leathers ,  and  in  which  the  young  arc 
nourished  lor  a  longer  or  shorter  time  apter  birth  by  means  op  a 
special  fluid — the  milk , — secreted  by  special  glands — the  mam¬ 
mary  glands.  These  characters  are  of  themselves  sufficient 
broadly  to  separate  the  Mammals  from  all  other  classes  of  the 
yertebiate  sub-kingdom.  In  addition,  however,  to  these  lead- 
ing  peculiarities,  the  Mammals  exhibit  the  following  further 
general  characters  of  scarcely  less  importance  : — 

I  he  skull  articulates  with  the  vertebral  column  by  two 
occipital  condyles. 

1  he  mandible  consists  of  two  rami,  each  of  which  consists 
of  but  a  single  piece  ;  and  the  mandible  further  articulates  with 
the  squamosal  element  of  the  skull  directly,  and  not  by  the 
intervention  of  a  quadrate  bone.  A  corpus  callosum  is  pres¬ 
ent  in  the  brain.  I  he  heart  is  four-chambered,  the  right  and 
'eft  sides  of  the  heart  are  completely  separated  from  each 
other,  and  the  pulmonary  and  systemic  circulations  only 
communicate  through  the  medium  of  the  capillaries.  The 
red  blood-corpuscles  are  non-nucleated,  and,  with  the  excep¬ 
tion  of  those  of  the  Camehdie,  have  the  form  of  circular  bi¬ 
concave  discs.  1  here  is  only  one  aorta — the  left — which 
turns  over  the  left  bronchus. 

I  lie  cavities  of  the  thorax  and  abdomen  are  separated  by  a 
complete  muscular  partition  or  diaphragm. 

The  respiratory  organs  are  in  the  form  of  two  lungs  sus- 
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pended  in  the  thorax,  but  none  of  the  bronchi  end  in  air- 
receptacles  distributed  through  the  body. 

The  visceral  arches  of  the  embryo  never  develop  branchiae. 

The  structures  known  as  the  “amnion”  and  “allantois” 
are  always  present  in  the  embryo.  The  allantois,  however, 
either  disappears  at  an  early  period  of  life,  or  it  develops  a 
vascular  organ  which  serves  as  a  means  of  communication 
between  the  maternal  and  foetal  circulations,  and  which  is 
known  as  the  “placenta.” 

With  the  exception  of  the  Monotremes,  the  Mammals  are 
all  viviparous. 

The  above  are  the  essential  characters  which  distinguish 
the  Mammalia  as  a  class  ;  but  it  is  necessary  to  consider  these, 
and  some  other  points,  in  a  more  detailed  manner. 

With  regard,  in  the  first  place,  to  the  exoskeleton  of  Mam¬ 
mals,  the  most  characteristic  structures  are  the  epidermic 
appendages  known  as  “hairs.”  These  are  formed  upon  pap¬ 
illae  of  the  dermis,  sunk  in  saccular  involutions  of  the  skin 
(“hair-follicles”),  and  they  are  different  from  feathers  in  the 
fact  that  the  producing  papilla  is  not  grooved,  and  the  cap  of 
epidermis  thrown  off  from  it  does  not,  therefore,  split  up  in 
the  process  of  growth.  The  spines  of  such  Mammals  as  the 
Porcupine  and  Pledgehog  are  merely  rigid  hairs.  In  some 
cases,  the  epidermic  appendages  take  the  form  of  horny 
scales,  as  seen  in  the  large  scales  of  the  Pangolins  {Mams), 
and  the  small  scales  on"  the  tails  of  Mice,  Rats,  and  some 
other  Mammals.  Some  of  the  Cetaceans  appear  to  be  wholly 
without  hair  in  the  adult  state ;  but  most  of  the  apparently 
hairless  Whales  possess  a  small  number  of  scattered  hairs ; 
and  others  (e.g.,  Dolphins)  exhibit  tufts  of  hair  upon  the 
muzzle  in  the  fcetal  condition.  Besides  hair,  hardenings  of 
the  epidermis  may  give  rise  to  claws,  hoofs,  and  nails,  or  to 
such  structures  as  the  sheaths  of  the  horns  in  the  Cavicorn  I 
Ruminants.  Except  in  the  case  of  the  Armadillos,  in  which 
an  armour  of  bony  dermal  plates  is  developed,  the  dermis  of 
the  Mammalia  does  not  develop  any  exoskeletal  structures. 

With  regard  to  the  endoskeleton  of  the  Mammalia,  the  fol¬ 
lowing  points  may  be  briefly  noticed  : — 

With  the  exception  of  the  Whales  and  Dolphins  {Cetacea), 
and  the  Dugongs  and  Manatees  {Sirema),  the  vertebral 
column  is  divisible  into  the  same  regions  as  in  man — name¬ 
ly,  into  a  cervical,  dorsal,  lumbar,  sacral,  and  caudal  or  coc¬ 
cygeal  region  (fig.  434).  In  the  Cetacea  and  Sirenia  the  dor¬ 
sal  region  of  the  spine  is  followed  by  a  number  of  verte¬ 
bra:  which  compose  the  hinder  extremity  of  the  body,  but 
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which  cannot  be  separated  into  lumbar,  sacral,  and  caudal 
vertebrae. 

In  spite  of  the  great  difference  which  is  observable  in  the 
length  of  the  neck  in  different  Mammals,  the  number  of 


fis*  434-,  Skeleton  of  an  Armadillo,  showing  the  regions  of  the  vertebral  column,  c 
Cervical  region  ;  <i  Dorsal  region  ;  l  Lumbar  region  ;  s  Sacral  region  ;  t  Caudal 
region  or  tail. 


vertebrae  in  the  cervical  region  is  extraordinarily  constant, 
being  almost  invariably  seven,  as  in  man.  In  this  respect 
there  is  no  difference  between  the  Whale  and  the  Giraffe. 
The  only  exceptions  to  this  law  are  the  Manatees  ( Mcinatus ), 
which  have  but  six  cervical  vertebrae ;  the  three-toed  Sloths 
(• Bradypus ),  which  are  commonly  regarded  as  possessing  nine, 
though  competent  anatomists  would  refer  the  posterior  two 
of  these  to  the  dorsal  region  ;  and  one  of  the  two-toed  Sloths 
( Cholcepus  Hoffmaimi),  which  has  only  six  cervical  vertebrae. 

The  dorsal  vertebrae  are  mostly  thirteen  in  number,  but  they 
vary  from  ten  to  twenty-four.  In  man  there  are  twelve,  in  one 
of  the  Armadillos  only  ten,  and  in  the  two-toed  Sloths  and  the 
Hyrax  the  maximum  is  attained.  The  lumbar  vertebrae  are 
usually  six  or  seven  in  number,  rarely  fewer  than  four.  In 
Man  they  are  five  in  number,  and  they  are  reduced  to  three 
in  the  Great  Ant-eater  (Myrmecophaga)  and  to  two  in  the 
Tittle  Ant-eater  ( Cyclothurus ). 

The  first  vertebra,  or  atlas,  always  bears  two  articular  cavi¬ 
ties  for  the  reception  of  the  two  condyles  of  the  occipital  bone; 
and  the  second  vertebra,  or  axis,  usually  has  an  “  odontoid  ” 
process  on  which  the  head  rotates.  In  the  true  Whales,  how¬ 
ever,  in  which  the  cervical  vertebrae  are  anchylosed  together 
t°  a  greater  or  less  extent,  and  the  neck  is  immovable,  the 
odontoid  process  is  also  wanting. 
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In  almost  all  Mammals  the  spinous  processes  of  the  dorsal 
vertebne  are  very  largely  developed  for  the  attachment  of  the 
structure  which  is  known  as  the  ligamentum  nucha.  This  is  a 
great  band  of  elastic  fibrous  tissue,  which  is  attached  in  front 
to  the  occipital  bone  and  spinous  processes  of  the  cervical 
vertebras,  and  which  relieves  the  muscles  of  the  task  of  sup¬ 
porting  the  head  in  those  Mammals  which  progress  with  the 
body  in  a  horizontal  position.  The  development  of  the  liga¬ 
mentum  nucha  is  consequently,  as  a  rule,  proportionate  to  the 
size  of  the  head  and  the  length  of  the  neck.  In  Whales  no 
such  apparatus  is  necessary,  owing  to  the  fixation  of  the 
cervical  vertebrae  by  anchylosis  ;  and  in  Man,  who  walks  erect, 
the  ligamentum  nucha  can  hardly  be  said  to  exist  as  a  distinct 
structure,  being  merely  represented  by  a  band  of  fascia. 

The  number  of  lumbar  and  sacral  vertebrae,  as  we  have 
seen,  varies  in  different  Mammals ;  but  ordinarily  some  of  the 
vertebrae  are  anchylosed  into  a  single  bone,  and  have  the  iliac 
bones  abutting  against  them,  thus  constituting  the  “  sacrum  ” 
of  human  anatomists.  In  the  Cetacea  and  Sirenia,  in  which 
the  hind-limbs  are  wanting,  and  the  pelvis  rudimentary,  there 
is  no  “sacrum.” 

The  thoracic  cavity  or  chest  in  Mammals  is  always  enclosed 
by  a  series  of  ribs,  the  number  of  which  varies  with  that  of  the 
dorsal  vertebrae.  In  most  cases  each  rib  articulates  by  its 
head  with  the  bodies  of  two  vertebrae,  and  by  its  tubercle  with 
the  transverse  process  of  one  of  these  vertebrae  (the  lower  one). 
In  the  Monotremata  (eg.,  the  T)uck-mole),  the  ribs  articulate 
with  the  body  of  the  vertebra  only ;  and  in  the  Whales,  the 
hindermost  of  the  ribs,  or  all  of  them,  articulate  with  the  trans¬ 
verse  processes  only,  and  not  with  the  centra  at  all. 

There  are  usually  no  bony  pieces  uniting  the  ribs  with  the 
sternum  or  breast-bone  in  front,  as  in  Birds;  but  the  so-called 
“sternal  ribs  ”  of  Aves  are  represented  by  the  “costal  carti¬ 
lages”  of  the  Mammals.  In  some  cases,  however,  the  carti¬ 
lages  of  the  ribs  do  become  ossified  and  constitute  sternal 
ribs.  Sometimes,  as  in  the  Armadillos,  there  is  a  joint  be¬ 
tween  the  vertebral  ribs  and  sternal  ribs.  More  rarely,  as  in 
the  Monotremes  (fig.  441,  D),  an  intermediate  piece  is  found 
between  the  vertebral  and  sternal  portions  of  the  rib.  Only 
the  anterior  ribs  reach  the  sternum,  and  these  are  called  the 
“  true  ”  ribs  ;  the  posterior  ribs,  which  fall  short  of  the  breast¬ 
bone,  being  known  as  the  “  false  ”  ribs. 

The  sternum  or  breast-bone  (fig.  435)  is  formed  of  several 
pieces  placed  one  behind  the  other,  but  usually  anchylosed 
together  to  form  a  single  bone.  It  is  placed  upon  the  ventral 
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surface  of  the  body,  and  is  united  with  the  vertebral  column 
by  the  ribs  and  their  cartilages.  It  is  generally  a  long  and 
narrow  bone,  but  in  the  Cetacea  it  is  broad.  It  is  only  in  some 
burrowing  animals  (such  as  the  Moles)  and  in  the  true  flying 


t!g-  435-—A,  Sternum  of  Man,  with  the  costal  cartilages.  B,  Sternum  and  costal  car¬ 
tilages  of  the  Dog :  p  Prmsternum  ;  m  Mesosternum  ;  x  Xiphisternum. 

Mammals  (the  Bats),  that  the  sternum  is  provided  with  any 
ridge  01  keel  for  the  attachment  of  the  pectoral  muscles,  as 
it  is  in  Birds.  The  sternum  is  primitively  composed  of  three 
pieces,  an  anterior  piece  or  preester  mini,  a  middle  piece  or 
mesosternum ,  and  a  posterior  piece  or  xiphisternum.  The 
praesternum  is  the  c  manubrium  sterni  J  of  human  anatomy, 
and  is  the  portion  of  the  sternum  which  lies  in  front  of  the 
attachment  of  the  second  pair  of  ribs.  All  the  other  ribs  are 
connected  with  the  mesosternum.  The  xiphisternum  is  the 
xiphoid  cartilage  ’  of  human  anatomy,  and  it  commonly 
remains  throughout  life  more  or  less  unossified.  In  the  Mono- 
ttemes  there  is  a  I  -shaped  bone  above  or  in  front  of  the 
praesternum,  but  this  is  to  be  regarded  as  belonging  to  the 
shoulder-girdle,  and  as  representing  the  “  episternum  ”  or 
“  interclavicle  ”  of  the  Reptiles. 

1  he  normal  number  of  limbs  in  the  Mammalia  is  four,  two 
anterior  and  two  posterior ;  and  hence  they  are  often  spoken 
of  as  “quadrupeds,”  though  ail  the  limbs  are  not  universally 
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present,  and  other  animals  have  four  limbs  as  well.  The  ante¬ 
rior  limbs  are  not  known  to  be  wanting  in  any  Mammal,  but 
the  posterior  limbs  are  absent  in  the  Cetacea  and  Sirenia, 
which  are  hence  sometimes  spoken  of  as  the  “mutilated 
Mammals.” 

As  regards  the  structure  of  the  anterior  limb,  the  chief  points 
to  be  noticed  concern  the  means  by  which  it  is  connected  with 
the  trunk.  The  scapula  or  shoulder-blade  is  never  absent,  and 
it  is  in  the  form  of  a  broad  flat  bone  (rarely  long  and  narrow), 
applied  to  the  outer  aspect  of  the  ribs,  and  much  more  devel¬ 
oped  than  in  the  Birds.  The  coracoid  bone,  which  forms  such 
a  marked  feature  in  the  scapular  arch  of  Aves,  is,  in  the 
majority  of  Mammals,  fused  with  the  scapula,  of  which  it 
forms  the  “coracoid  process.”  In  the  Monotremes  only  is 
the  coracoid  a  separate  bone  which  articulates  with  the  top 
of  the  sternum.  The  collar-bones  or  clavicles  never  unite  in 
any  Mammal  to  form  a  “  furcula,”  as  in  Birds ;  but  in  the 
Monotremes  they  unite  with  an  “  interclavicle  ”  placed  in 
front  of  the  sternum.  The  clavicles,  in  point  of  fact,  are  not 
present  in  a  well-developed  form  in  any  Mammals  except  in 
those  which  use  the  anterior  limbs  in  flight,  in  digging,  or  in 
prehension.  The  Cetacea ,  the  Hoofed  Quadrupeds  ( Ungulata ), 
and  some  of  the  Edentata ,  have  no  clavicles.  Many  of  the 
Carnivora  and  some  Rodents  possess  an  imperfect  clavicle, 
which  does  not  articulate  with  the  top  of  the  sternum.  The 
Insectivorous  Mammals,  many  of  the  Rodents,  the  Bats,  and  pi 
all  the  Monkeys,  have  (with  Man)  a  perfect  clavicle  articulat¬ 
ing  with  the  anterior  end  of  the  sternum. 

The  humerus,  or  long  bone  of  the  upper  arm  ( brachium ),  is 
never  wanting,  but  it  is  extremely  short  in  the  Whales,  in  which 
the  anterior  limbs  are  converted  into  swimming-paddles.  In 
some  Mammals,  as  in  certain  Monkeys,  and  in  the  Fe/idee  (con¬ 
stituting  the  most  typical  group  of  the  Carnivora),  the  median 
nerve  and  brachial  artery  are  protected  on  their  way  down  the 
arm  by  a  canal  placed  a  little  above  the  elbow,  and  formed  by 
a  process — the  “  supracondyloid  ”  process — which  is  some¬ 
times  present  in  man  as  an  abnormality. 

In  the  fore-arm  of  all  Mammals  the  ulna  and  radius  are  )tj 
recognisable,  but  they  are  not  necessarily  distinct ;  and  the 
radius,  as  being  the  bone  which  mainly  supports  the  hand,  is 
the  only  one  which  is  always  well  developed,  the  ulna  being  r 
often  rudimentary.  The  condition  of  the  ulna,  indeed,  varies 
much,  even  in  the  limits  of  a  single  order.  Thus  some 
Ungulates  (e.g,  Big)  have  a  complete  ulna,  while  in  others 
(Ruminants)  the  ulna  is  rudimentary,  or,  as  in  Camels,  is 
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anchylosed  with  the  radius.  In  the  flying  Mammals  or  Bats 
he  ulna  is  hardly  recognisable,  being  reduced  to  its  upper 

Sest  ,V“h  the  radiuS'  attains"" 

greatest  perfection  in  man,  m  whom  the  radius  can  rotate 

upon  the  ulna,  so  as  to  allow  the  back  of  the  hand  to  be 

placed  upwards  or  downwards,  these  movements  being  known 

respectively  as  “pronation”  and  “supination.”  Sn  the 

rotatio?8  °n  7  'S  therG  any  aPProach  to  this  power  of 

Ihe  condition  of  the  bones  of  the  wrist  or  “carpus  ”  departs 
considerably  from  what  it  is  in  its  most  generalised  form 

l  S  fa  arrangement  of  the  carpus  (fig.  436)  is  that  there 
should  be  a  proximal  row  of  carpals  0  ' 

and  a  distal  row  of  carpals,  separ¬ 
ated  Jjy  a  single  bone  (“  os  cen- 
trale  ”)  placed  between  the  two. 

I  he  upper  or  proximal  row  of  car¬ 
pals  should  consist  of  a  radial  car¬ 
pal,  an  ulnar  carpal,  and  an  inter¬ 
mediate  carpal  (fig.  436,  r,  u,  i). 

Ihe  lower  or  distal  row  should 
consist  of  five  carpals,  carrying  the 
five  metacarpals  of  the  digits.  In 
the  Mammalian  carpus,  though  the 
above  general  type  is  readily  recog¬ 
nisable,  the  central  bone  of  the 
carpus  is  commonly  wanting,  and 
the  4th  and  5th  carpals  of  the 
distal  row  of  carpals  always  an- 
chylose  with  one  another  to  form 
a  single  bone  (the  “  unciform 
Moreover,  it  is  usual  to  find  a 
sesamoid  bone  (the  “  pisiform  ” 
bone)  developed  upon  the  ulnar 
side  of  the  proximal  row  of  carpals, 
and  a  corresponding  sesamoid  bone 
may  be  developed  upon  the  radial 
side  of  the  same  row. 

digits 


ig.  436.— Right  manus  of  a  Chelo 
man  ( Chelydra ),  viewed  dorsalh 
(after  Gegenbaur).  ra  Radius 
ul  Lina  ;  r  Radial  carpal ;  u  U1 
nar  carpal ;  i  Intermediate  car 
pal  ;  c  Central  carpal ;  1-5.  The 
hve  carpals  of  the  distal  row,  cor 
responding  with  the  five  digits 
>"  vi  Metacarpals  ;  p  p  First  row 
of  phalanges.  1.  Pollex  ;  11.  In 
<  e  si- 1  .r*  Medius;  iv.  Annularis 
v.  Minimus. 


I  he  normal  number  of  digits  in  the  manus  is  five,  and 

Then1  11S  nr m  cr  IS  °,ften  reduced-  it  is  never  exceeded 

thorn  U't;ber  °  'retaCai)jals  corresPonds  with  that  of  the  digits 

Thus6  in  fh Tv  °fpartS  may  be  obscured  by  anchylosi  ! 

Ihus,  in  the  Ruminants  generally  (fig.  437),  jn  which  t] 

manus  has  only  two  functional  toes  (the  3d  and  4th),  there 

^  I  Pears  to  be  only  a  single  elongated  metacarpal  (the  “  can- 
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non-bone”).  This  consists,  however,  in  reality  of  the  3d  and 
4th  metacarpal s,  which  are  distinct  from  one  another  in  the 
embryo,  but  become  fused  with  one  another  in  the  adult.  On 
the  other  hand,  in  the  Horse  (fig.  43s).  in  which  the  only 


A  f  1 


\ 


WiC 1 


F:„  ,,7._a,  Fore-leg  of  Ox  (Bos  taunts).  1!, 

Hind  leg  of  Stag (Cervus  tlaphus).  ca  Carpus; 
ta  Tarsus ;  c  “Cannon-bone,  composed  of  the 
united  me’tacarpals  or  metatarsals  of  the  3U  and 
4th  digits. 


Fig.  438. — Fore-leg  of  Horse. 
ca  Carpus ;  tn  Metacarpal 
of  the  third  digit ;  $  “Splint* 
bone,”  or  rudimentary  met¬ 
acarpal  ;  x.  First  phalanx, 
or  “great  pastern";  2. 
Second  phalanx,  or  “small 
pastern  ”  ;  3.  Third  phalanx, 
or  “  coffin-bone." 


functional  toe  is  the  3d,  the  so-called  “cannon-bone”  is 
really  a  single  bone,  and  is  the  greatly  elongated  3d  meta¬ 
carpal.  The  so-called  “  splint-bones  ”  of  the  Horse  (fig.  438>  s) 
represent  the  rudimentary  metacarpals  of  the  2d  and  4th 
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digits  but  they  only  have  the  form  of  long  spines  placed 
behind  the  upper  end  of  the  great  3d  metacarpal. 

rule Mhe  normal  number  of  five  digits  to  the  manus  is  never 
exceeded  many  Mammals  have  fewer  than  this  number.  The 
digit  which  is  most  liable  to  undergo  suppression  is  the  inner¬ 
most  digit  the  thumb  or  “  pollex.”  This  digit  is  wanting  in 
all  existing  types  of  the  Ungulate  Mammals.  The  digit  which 

lVn  't  V*  A  ^Ieatest  liability  to  suppression  is  the  outer- 
ost  digit  of  the  hand— the  little  finger,  or  “  minimus.”  When 

Wantl‘lS  a"  w.e11  as  the  Pollex,  the  manus  becomes 
three-toed,  as  in  the  Rhinoceroses.  Should  further  reduction 
1  ke  Place>  the  next  digit  to  be  suppressed  is  again  the  radial 
or  mner  d.git-viz.,  the  “index”  or  forefinger.  The  manus 

Rumi^m.5  ,Cn”S,St  0 U  °f  tl,e  3d  and  4th  toes,  as  in  some 
Ruminants.  [  I  hese  are  the  two  functional  toes  in  all  Rumin- 

form  1  L1  %  1 1S  ,2,C  a,^df  4tk  are  P^sent  in  a  rudimentary 

orm.J  Should  still  further  reduction  take  place,  it  is  now  the 
u  nar  or  outer  digit  which  disappears— viz.,  the  ring-finger 

the  annu  ari?'  l  he  manus  thus  may  become  reduced  to 
the  3d  or  middle  finger  (“medius”)  only,  a  state  of  things 
which  occurs  in  the  Horse  (fig.  438). 

whSf ?lally  efCh  dlgU  Jias  three  Phalanges,  except  the  thumb, 

n  whirwi01  y  rV0’  Jn  *he  Whales  and  Dolphins  {Cetacea), 
thr,  ch  the  anterior  limbs  form  swimmmg-paddles  very  like 

con«ed°f  nC  Ichthy°s™rus  and  Plesiosaurus ,  the  phalanges  are 
In  nllddrabM  lncreased  111  number,  as  they  are  in  those  Reptiles. 
,!  the  Mammalia,  too,  except  the  Cetacea ,  it  is  the  general 

claw  oarthoof'em,,nal  Pha'anx  in  each  diSil  carry  a  nail, 

Uhile  the  anterior  limbs  are  never  absent  in  any  Mammal 

tern?l0Stdn0r  imbS  ,may  be  wanting>  or  represented  only  by  in- 
ternal  ruclnnents-tlns  occurrnig,  however,  only  in  the  Cetacea 

“  iZ  ,  GeneraIly  speaking,  however,  the  hind-limbs 
and  the.r  arches  are  completely  developed.  The  two  halves 
of  the  pelvis  — the  ossa  innominata— consist  each  of  three 
wh?rhVn  h,6  embry°  V1Z>  the  ilium,  ischium,  and  pubes- 
5  ?  ,  f°T  t  ie  cup-shaped  cavity  known  as  the  “acet- 

l  'm/,  ;v’ldl  whlcl  the  head  of  the  thigh-bone  articulates. 

In  the  adult  Mammal  (except  in  Monotremes)  these  three  bones 
n  anc  U  °sed  together;  and  the  two  ossa  innominata  gener¬ 
ally  unite  m  front  by  means  of  a  symphysis,  constituted  either  by 
cartfiagmousumon  (synchondrosis),  or  by  merely  ligamentous 
and  n'm  V  In  f  me  Mammals,  however,  such  as  the  Mole 
life  U\?y  °  t,’t(  K?ts’  th,e  Pubic  bones  remain  disunited  during 
-  s  a  rule,  also,  the  ossa  innominata  are  firmly  united 
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with  the  vertebral  column.  In  the  Cetaceans,  in  which  the 
hind-limbs  are  wanting  or  rudimentary,  and  there  is  no  sacrum, 
the  innominate  bones  are  rudimentary,  and  are  not  attached 
in  any  way  to  the  spine. 

Iii  Marsupials  and  Monotrcmes  are  found  two  small  slender 
bones  (rarely  cartilages)  attached  to  the  brim  of  the  pelvis,  and 
known  as  the  “  marsupial  bones.”  These  do  not  belong  to 
the  proper  skeleton,  but  are  ossifications  of  the  internal  tendons 
of  the  “external  oblique”  muscles  of  the  abdomen. 

As  regards  the  structure  of  the  hind-limb  in  Mammals,  the 
thigh-bone  or  femur  articulates  with  the  pelvis,  usually  at  a 
very  open  angle.  In  Man  it  is  distinguished  by  being  the 
longest  bone  of  the  body,  and  by  having  the  axis  of  its  shaft 
nearly  parallel  to  that  of  the  vertebral  column.  In  most  Mam¬ 
mals  the  femur  is  relatively  shorter,  and  the  axis  of  its  shaft 
deviates  considerably  from  that  of  the  spine,  being  sometimes 
at  right  angles,  or  even  at  an  acute  angle.  _  _ 

Of  the  bones  of  the  leg  proper  (crus)  the  tibia  corresponds  to 


the  radius  in  the  fore-limb,  as  shown  by  its  carrying  the  tarsus 


and  the  fibula  is  the  representative  of  the  ulna.  I  he  articula¬ 
tion  between  the  tibia  and  fibula  on  the  one  hand,  and  the 
femur  on  the  other,  constitutes  the  “knee-joint,  which  is  usu¬ 
ally  defended  in  front  by  the  “  knee-pan  ’  or  patella,  a  large 
sesamoid  bone  developed  in  the  tendons  of  the  great  extensor 


bUbcUllUlU  LWiic  ei  v-  »  p  ,  -  ii  *  '  ,  1 

muscles  of  the  thigh.  The  patella  is  of  small  size  m  the  Car¬ 


nivora,  but  does  not  appear  to  be  wanting  in  any  Mammals 
except  in  some  of  the  Marsupials.  In  many  cases  the  tibia 
and  fibula  are  anchylosed  towards  their  distal  extremities.  In 
the  Horse  the  fibula  has  much  the  same  character  as  in  birds, 
bein<r  a  long  splint-like  bone  which  only  extends  about  half-way 
down  the  tibia.  In  the  Ruminants  the  reverse  of  this  obtains, 
the  upper  portion  of  the  fibula  being  absent,  and  only  its  lower 

extremity  present.  ,  , 

The  tarsus  is  constructed  upon  the  same  general  plan  as  the 


carpus,  consisting,  in  its  0 -  - 

row  of  tarsal s,  a  distal  row  of  tarsals,  and  a  central  tarsal  between 
the  two  rows.  The  proximal  row  of  tarsals  m  the  Mammals 
never  consists,  however,  of  more  than  two  bones  (the  “  astra¬ 
galus  ”  and  “  calcaneum  ”),  the  intermediate  tarsal  being  los 
f,V  fusion  with  one  of  the  others.  The  proximal  and  distal 
Is  of  tarsals  are  separated  on  the  inner  side  of  the  foot  by 
the  “  scaphoid  ”  or  “  navicular”  bone,  probably  representing  he 
<<  os  centrale  ”  ;  and  there  are  never  more  than  four  tarsals  ( 
internal,  middle,  and  external  “cuneiform  bones,  and  the 
“  cuboid  ”)  in  the  distal  row. 


most  generalised  form,  of  a  proximal 
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l  he  hind-foot,  or  pes,  consists  normally  of  five  digits  con¬ 
nected  with  the  distal  tarsal  bones  by  means  of  five  metatarsal 
bones.  Very  commonly,  the  number  of  the  metatarsals  and 
digits  is  reduced  below  the  normal  standard,  and  in  such  cases 
the  reduction  very  generally  takes  place  in  a  manner  corre¬ 
sponding  to  that  which  obtains  in  the  manus.  The  digit  which 
is  most  commonly  suppressed  is  the  innermost  or  “great  toe” 
hallux ),  and  this  digit  is  wanting  in  all  existing  types  of  the 
Ungulate  Mammals.  Though  the  number  of  digits  in  the  pes 
is  very  commonly  the  same  as  that  in  the  manus"  this  is  bv  no 
means  invariably  the  case.  The  hallux  is  not  uncommonly 
{e.g.  m  the  Primates  generally)  “  opposable  ”  to  the  other  digits, 
so  that  the  pes  can  be  used  as  a  prehensile  hand. 

In  the  Mammalia  generally  the  bones  of  the  skull  are  united 
to  one  another  by  distinct  sutures.  In  the  Monotremes  (Duck- 
mole  and  Echidna),  however,  the  cranial  bones  early  become 
anchylosed  with  one  another,  as  is  the  case  in  Birds.  The 
occipital  bone  carries  two  condyles  for  articulation  with  the 
first  cervical  vertebra.  Very  generally,  also,  the  exoccipitals 
carry  longer  or  shorter,  downwardly-projecting  bony  processes 
(  paroccipital  processes  ”).  The  two  rami  of  the  mandible  are 
generally  united  with  one  another  by  suture ;  but  in  some  cases 
complete  anchylosis  takes  place.  The  mandibular  ramus  is 
alua>s  composed  of  a  single  bone,  and  it  articulates  directly 
with  the  squamosal  element  of  the  skull,  or,  in  other  words, 
with  the  squamous  portion  of  the  temporal  bone.  The 
quadrate  bone  never  takes  any  part  in  the  articulation  of  the 
nandible,  but  is  withdrawn  within  the  auditory  capsule,  and 
constitute5  the  “  malleus,”  while  another  of  the  auditory  ossicles 
(the  incus  )  corresponds  with  the  “  hyomandibular  bone” 
of  Fishes  and  the  “columella  auris”  of  Reptiles. 

Teeth  are  present  in  the  great  majority  of  Mammals  :  but 
they  are  only  present  in  the  embryo  of  the  whalebone  Whales, 
and  are  entirely  absent  in  the  genera  Echidna ,  Manis,  and 

l%eTt°Phga'  ,  In  thC  I?U,ck'mole  ( Ornithorhynchus)  the  so- 
called  teeth  are  horny,  and  the  same  was  the  case  in  the  extinct 

fnY  tla  amo”gst  the  Surma.  In  all  other  Mammals  the  teeth 
have  their  ordinary  structure  of  dentine,  enamel,  and  cement  or 
crusta  petrosa  these  elements  being  variously  disposed  in  differ¬ 
ent  cases,  and  the  enamel  being  occasionally  wanting.  In  no 

th,T,fS  aretl,e,teeth  =ver  “nchylosed  with  the  jaw;  and  in  nil, 
he  teeth  are  implanted  into  distinct  sockets  or  alveoli,  which 
however,  are  very  imperfect  in  some  of  the  Cetacea.  In  no 

excenHi!:  ’  T  leeth  .!,ver  develoPed  any  other  bones 

except  the  prtemaxillae,  maxillae,  and  mandible. 
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Many  Mammals  have  only  a  single  set  of  teeth  throughout 
life,  and  these  are  termed  by  Owen  “  monophyodont.”  In 
most  cases,  however,  the  first  set  of  teeth  called  the  milk 
or  “deciduous”  teeth— is  replaced  in  the  course  of  growth  by 
a  second  set  of  “  permanent  ”  teeth.  The  deciduous  and  per¬ 
manent  sets  of  teeth  do  not  necessarily  correspond  to  one 
another ;  but  no  Mammal  has  ever  more  than  these  two  sets. 
The  Mammals  with  two  sets  of  teeth  are  called  by  Owen 
“  diphyodont.” 

In  Man  and  many  other  Mammals  the  teeth  are  divisible 
into  four  distinct  groups,  which  differ  from  one  another  in 
position,  appearance,  and  function;  and  which  are  known 
respectively  as  the  incisors,  canines,  prccmolars,  and  molars 
(fig.  439).  “Those  teeth  which  are  implanted  in  the  pre¬ 
maxillary  bones,  and  in  the  corresponding  part  of  the  lower 
jaw,  are  called  ‘  incisors,’  whatever  be  their  shape  or  size. 
The  tooth  in  the  maxillary  bone  which  is  situated  at  or  near 
to  the  suture  with  the  premaxillary,  is  the  ‘  canine,’  as  is  also 
that  tooth  in  the  lower  jaw  which,  in  opposing  it,  passes  in 
front  of  its  crown  when  the  mouth  is  closed.  1  he  othei  teeth 
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are  replaced  by  the  teeth  which  bear  the  same  names  in  the 
permanent  set.  The  deciduous  “molars,”  however,  are  re¬ 
placed  by  the  permanent  “  praemolars,”  and  the  “molars”  of 
the  permanent  set  of  teeth  are  not  represented  in  the  decid¬ 
uous  series,  only  existing  once,  and  not  being  replaced  by 
successors.  It  has,  however,  been  shown  that  in  some  diphyo- 
dont  Mammals  there  may  be  certain  of  the  anterior  maxillary 
teeth  in  the  permanent  dentition,  which  are  not  represented 
by  any  predecessors  in  the  deciduous  series.  This  is  the  case, 
lor  example,  with  the  first  prcemolar  of  the  Dog. 

All  these  four  kinds  of  teeth  are  not  necessarily  present  in 
a  Mammals,  and,  as  will  be  afterwards  seen,  the  characters  of 
the  teeth  are  amongst  the  most  important  of  the  distinctions  by 
vlnch  the  Mammalian  orders  are  separated  from  one  another. 

1  he  variations  which  exist  in  the  number  of  teeth  in  different 
Mammals  are  usually  expressed  by  a  “dental  formula,”  which 
presents  the  “dentition”  of  both  jaws  in  a  condensed  and 
easily  recognised  form. 

According  to  Owen,  the  typical  permanent  dentition  of  a 

diph}  odont  Mammal  would  be  expressed  by  the  followino- 
formula : —  0 


.  3 _ -> 


I- 

c  — 


1  ;  pm  4 
-1  4—4 


4  ;  ni  3 — 3  =  44. 


00  -  .  4 — 4  ^ 

I  he  four  kinds  of  teeth  are  indicated  in  such  a  formula  by  the 
letters— incisors  1,  canines  c,  pnemolars  pm ,  molars  m.  The 
numbers  in  the  upper  line  indicate  the  teeth  in  the  upper  jaw  • 
tho^e  in  the  lower  line  stand  for  those  in  the  lower  jaw ;  ancl 
he  number  of  teeth  on  each  side  of  the  jaw  is  indicated  by 
the  short  dashes  between  the  figures.  J 

As  regards  the  digestive  system  of  the  Mammalia ,  salivary 
glands  aie  present  in  all  except  the  true  Cetacea.  The  ali¬ 
mentary  canal  has  in  most  cases  essentially  the  same  structure 
as  in  man;  and  the  same  accessory  glands  are  present— 
namely,  the  liver  and  pancreas.  Some  very  remarkable  modi¬ 
fications  occur  in  the  structure  of  the  stomach  and  in  the 
termination  of  the  intestine;  but  these  will  be  noticed  in 
speaking  of  the  orders  in  which  they  occur.  The  cavity  of 
the  abdomen  is  always  separated  from  that  of  the  thorax  by  a 
complete  muscular  partition— the  diaphragm— as  is  the  case 
in  no  other  Vertebrate  animals.  The  abdomen  contains  the 
greater  portion  of  the  alimentary  canal,  the  liver,  spleen 

Ears  &d^gf cr  or8a"s- The 

I  he  heart  is  contained  in  a  serous  bag,  the  pericardium, 
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and  consists  (as  in  Birds)  of  two  auricles  and  two  ventricles. 
The  effete  and  deoxygenated  blood  is  returned  from  the 
tissues  by  the  veins,  and  is  conducted  by  the  venae  cavte  to 
the  right  side  of  the  heart,  into  the  right  auricle.  From  the 
right  auricle  it  passes  into  the  right  ventricle,  whence  it  is 
propelled  through  the  pulmonary  artery  to  the  lungs.  Hav¬ 
ing  been  submitted  to  the  action  of  the  air,  the  blood,  now 
arterialised,  is  carried  by  the  pulmonary  veins  to  the  left 
auricle,  and  thence  into  the  left  ventricle.  From  the  left 
ventricle  the  aerated  blood  is  driven  through  the  aorta  and 
systemic  vessels  to  all  parts  of  the  body.  In  Mammals, 
therefore,  as  in  Birds,  the  pulmonary  and  systemic  circula¬ 
tions  are  altogether  distinct  and  separate  from  one  another. 
The  two  sides  of  the  heart — except  in  the  foetus  and  as  an 
abnormality  in  adults  —  have  no  communication  with  one 
another  except  by  means  of  the  capillaries. 

The  red  blood-corpuscles  are  never  nucleated,  and  in  all 
except  the  Camelidce  (in  which  they  are  oval)  they  are  circular 
and  discoid. 

The  lungs  of  Mammals  differ  from  those  of  Birds  in  being 
freely  suspended  in  the  thoracic  cavity,  the  greater  part  ot 
which  they  till,  and  in  being  enclosed  freely  in  a  serous  sac 
( pleura )  which  envelops  each  lung.  The  lungs  are  minutely 
cellular  throughout,  and  the  bronchi  never  open  on  the  sur¬ 
face  of  the  lung  into  a  series  of  air-receptacles  communicating 
with  one  another,  and  placed  in  different  parts  of  the  body, 
as  is  the  case  in  Birds. 

There  is  no  “inferior  larynx”  in  any  Mammal,  and  the 
upper  aperture  of  the  true  larynx  is  always  protected  by  an 
epiglottis. 

The  kidneys  in  Mammals  are  situated  in  the  lumbar  region, 
and  exhibit  a  division  of  their  substance  into  cortical  and 
medullary  portions. 

The  nervous  system  of  Mammals  is  chiefly  remarkable  for 
the  great  proportionate  development  of  the  cerebral  mass  as 
compared  with  the  size  of  the  spinal  cord.  In  the  higher 
Mammals,  again,  the  hemispheres  of  the  cerebrum  are  much 
more  largely  developed  proportionately  than  the  remaining 
parts  of  the  brain.  The  brain  of  the  Mammals  is  chiefly  dis¬ 
tinguished  from  that  of  the  lower  Vertebrata  by  the  fact  that 
the  two  hemispheres  of  the  cerebellum  are  united  by  a  trans¬ 
verse  commissure — the  pons  Vorolii ;  and  the  hemispheres 
of  the  cerebrum  are  connected  by  a  great  commissure — the 
corpus  callosum — which  is,  however,  of  small  size  in  the  lower 
Mammalia. 
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Ihe  senses,  as  a  rule,  attain  great  perfection  in  the  Mam¬ 
mals;  and  the  only  sense  which  appears  to  be  ever  entirely 
wanting  is  that  of  vision.  The  sclerotic  coat  of  the  eye  is 
never  supported  by  a  ring  of  bony  plates  as  in  Birds  and  many 
Reptiles.  .  As  a  rule,  in  addition  to  the  upper  and  lower  eye¬ 
lids  there  is  a  third  perpendicular  lid— the  membrane*  nictitans 
—but  this  is  wanting  or  quite  rudimentary  in  Man  and  in  the 
Monkeys. 

An  external  ear  or  concha  for  collecting  the  vibrations  of 
sound  is  usually  present,  but  is  wanting  in  the  Cetacea. ,  many 
oi  the  Seals,  and  in  some  other  cases. 

As  regards  the  reproductive  organs,  there  are  two  ovaries 
m  the  female,  and  the  oviducts  are  known  as  the  “  Fallopian 
tubes.  I  lie  oviducts  are  not  directly  continuous  with  the 
ovaries,  and,  except  in  Monotremes,  their  internal  extremities 
are  widely  dilated  and  fimbriated.  On  its  way  to  the  surface 
each  oviduct  dilates  into  a  uterine  cavity,  which  in  turn 
opens  into  a  vaginal  tube.  In  the  Monotremes,  or  “Ornitho- 
delphous  ’  Mammals,  the  uterine  dilatations  of  the  oviducts 
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The  urogenital  sinus,  in  turn,  opens  into  a  “cloaca,’'  into 
which  the  intestine  also  opens.  In  the  Marsupials,  again, 
or  “  Didelphous  ”  Mammals,  the  two  uteri  remain  distinct  (fig. 

440,  B,  nt),  and  they  open  into  two  vaginae  ( va )  which  are 
united  mesially  above  and  give  oft'  a  long  caecal  diverticulum 
(vc),  but  are  separate  inferiorly.  The  two  vaginae  open  into 
a  “  urogenital  sinus  ”  (us),  into  which  the  bladder  also  empties 
itself.  On  the  other  hand,  the  urogenital  canal  in  the  Mar¬ 
supials  opens  separately  from  the  intestine,  and  there  is 
no  cloaca.  In  the  ordinary  or  “  Monodelphous  ”  Mammals, 
again,  the  two  uterine  dilatations  of  the  oviducts  coalesce  with 
one  another  inferiorly,  and  the  vagina  is  single.  In  most 
cases  this  coalescence  is  incomplete,  the  uteri  being  com¬ 
bined  in  their  lower  portion  only,  and  separating  above  into 
two  horns  or  “  cornua,”  which  mark  their  original  separate¬ 
ness.  Only  in  the  higher  Monkeys  and  in  the  human  subject 
have  the  two  uteri  entirely  coalesced  to  form  a  completely 
single  cavity,  into  the  “fundus”  of  which  the  Fallopian  tubes 
open.  In  male  Mammals  there  are  always  two  testes  present. 

In  many  Mammals  the  testes  are  permanently  retained  in  the 
abdominal  cavity,  and  there  is  no  scrotum.  1  his  is  the  case 
in  the  Monotrenres,  the  Elephants,  all  the  Cetacea,  and  many 
of  the  Edentata.  Mostly,  however,  the  testes  at  an  early 
period  of  life  are  transferred  from  the  abdomen  to  a  pouch  of 
integument  called  the  “scrotum.  Usually'  the  sciotum  is 
placed  beneath  the  pubic  arch  and  behind  the  penis,  but  this 
position  is  reversed  in  the  Marsupials. 

Mammary  glands  are  present  in  all  Mammals,  and  they  are  || 
regarded  by  Huxley  as  an  extreme  modification  of  the  cutane¬ 
ous  sebaceous  glands.  In  the  male  Mammals  the  mammary 
glands  are  present,  but,  under  all  ordinary  circumstances,  they 
remain  functionally  useless  and  undeveloped.  Considerable 
differences  obtain  as  to  the  number  and  position  ot  the  mam¬ 
mary  glands  in  different  cases  ;  but  they  are  always  placed  on 
the  inferior  surface  of  the  body,  and  their  ducts  in  the  great 
majority  of  cases  open  collectively  upon  a  common  elevation 
—the  “teat”  or  “nipple.”  In  the  Monotremata,  however,  k- 
there  are  no  nipples,  the  ducts  of  the  mammary  glands  open¬ 
ing  either  into  a  pouch  of  the  integument  ( Echidna )  or  upon  a 
flat  surface  (Ornithorhynchus). 

The  young  Mammal  is  nourished  for  a  longer  or  shorter 
time  by  the°milk  secreted  by  the  mammary  glands  of  the 
mother.  In  ordinary  cases  the  milk  is  obtained  by  voluntary 
suction  on  the  part  of  the  young  animal ;  but  in  the  Marsupials 
the  young  are  at  first  unable  to  suck  for  themselves,  and  the 
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milk  is  forced  out  of  the  gland  by  the  contraction  of  a  special 


muscle 

The  Monotremes  (Duck-mole  and  Echidna)  are  now  known 
to  be  an  exception  to  the  Mammals  generally  in  the  fact  that 
hey  do  not  bring  forth  their  young  alive,  but  are,  on  the  con¬ 
trary,  oviparous.  All  the  other  Mammals  produce  livirm 
young  and  are  thus  viviparous.  The  Marsupials,  however^ 
bring  forth  their  young  in  an  extremely  imperfect  condition, 
at  a  time  when  development  has  proceeded  to  a  limited 
extent  only,  and  in  these  the  foetus  does  not  become  con¬ 
nected  with  the  uterus  of  the  mother  by  any  vascular  connec¬ 
tion  (  placenta  ).  Hence  the  Marsupials  are  spoken  of  as 
Aplacental  Mammals.  In  the  other  orders  of  Mammals, 
there  is  developed  the  structure  known  as  the  “placenta”  or 
afterbirth,  this  being  a  highly  vascular  structure  which  is 
formed  upon  the  exterior  of  the  foetal  envelopes  (allantois), 
and  which  is  so  closely  connected  with  the  inner  wall  of  the 
uterus  as  to  allow  of  an  interchange  of  material  between  the 
blood  of  the  embryo  and  that  of  the  mother.  The  “  Placental  ” 
Mammals  are  thus  enabled  to  carry  their  young  for  a  much 
longer  period  than  are  the  non-placental  Mammals,  and  hence 
the  young  animal  in  the  former  is  born  in  a  much  more  per- 
iectly-developed^ condition  than  in  the  latter. 

As  regards  their  distribution  in  time ,  the  earliest  known 
remains  of  Mammals  are  found  in  the  Trias,  rocks  of  this  age 
having  yieMed  remains  of  three  genera  of  small  Mammals 
{Micro testes,  Hypsiprymnopsis,  and  Dromatherium ),  which  are 
generally  believed  to  belong  to  the  Marsupials.  In  the 
Juiassic  rocks,  fragmentary  remains  of  various  small  Mam¬ 
mals  ( Amp/ulestes ,  Amphitherium ,  Phascolotherium ,  PI  ana  u- 

W  &CAhr  ^"discovered.  These  are  also  generally 
Jtlieved  to  be  referable  to  the  Marsupials,  though  one  of  the 
Jurassic  genera  (Stereogna/hus)  has  been  supposed  to  possibly 
belong  to  the  series  of  the  Placental  Mammals.  Apart  from 
the  preceding,  remains  of  undoubted  Marsupials  (Opossums) 
have  been  detected  in  the  Jurassic  deposits  of  North  America. 

Cretaceous  Mammals  are  known  at  present:  but  a  large 
number  of  forms  have  been  found  in  the  Tertiary  rocks,  from 
the  base  of  the  Eocene  onward,  and  many  of  these  have  a 
special  zoological  interest  as  serving  to  indicate  the  line  of 
descent  of  existing  types,  or  filling  gaps  between  groups  now 
more  or  less  widely  separated. 

As  regards  their  classification ,  the  Mammals  have  often  been 
divided  into  the  two  primary  sections  of  the  Placentalia  and 
■ciplacentalia ,  according  as  the  •  -  -  -  - 
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“placenta”  or  not.  The  Non-placental  Mammals  are  the 
Monotremes  and  Marsupials;  and  all  the  other  orders  of 
Mammals  are  included  in  the  division  Placentaha.  The  other 
method  of  arrangement  usually  adopted  is  to  employ  the  struc¬ 
ture  of  the  reproductive  organs  as  the  basis  of  classification, 
and  to  divide  the  Mammals  into  the  three  following  primary 
sections  : — 

1.  Ornithodelphia. — This  division  includes  only  the  Mono¬ 
tremes,  and  is  characterised  by  the  fact  that  the  two  uterine 
dilatations  of  the  oviducts  do  not  coalesce,  but  open  separ¬ 
ately  into  a  urogenital  sinus,  which  in  turn  opens,  along  with 
the  rectum,  into  a  “  cloaca,”  the  condition  of  parts  thus 
resembling  what  is  seen  in  the  Sauropsida. 

2.  Didelp/iia. — This  division  includes  only  the  Marsupials, 
and  is  characterised  by  the  fact  that  the  two  uteri  remain  dis¬ 
tinct,  and  open  into  a  divided  vagina,  the  vaginae  opening 
into  a  urogenital  sinus,  which  is  provided  with  a  special 

'  external  aperture,  separate  from  the  termination  of  the  intes¬ 
tine  though  embraced  by  the  same  sphincter  muscle. 

3.  Monodelphia. — This  division  comprises  all  the  orders  of 
Mammals  except  the  Monotremes  and  Marsupials,  and  is 
characterised  by  the  fact  that  the  two  uterine  enlargements  of 
the  oviducts  coalesce  to  a  greater  or  less  extent  to  form  a 
single  uterine  cavity,  which,  however,  commonly  shows  its 
true  composition  by  being  divided  superiorly  into  two  cornua. 
The  uterus  opens  into  a  single  vagina,  which  is  always  distinct 
from  the  rectum.  This  division  corresponds  with  that  of  the 
“  Placental  ”  Mammals. 


WON-PLACENTAL  MAMMALS. 


CHAPTER  LX  IV. 


MO  NOTRE  MAT  A  AND  MARS  UPIAL1A. 


Order  I.  Monotremata. — The  first  and  lowest  order  of  the 
Mammalia  is  that  of  the  Monotremata ,  constituting  by  itself 
the  division  Ornithodelphia ,  and  containing  only  two  types 
both  belonging  to  the  Australian  province— namely,  the  Duck- 
mole  ( Ornithorhynchus )  and  the  Spiny  Ant-eaters  {Echidna). 

I  he  order  is  distinguished  by  the  following  characters* _ 

The  intestine  opens  into  a  “cloaca,”  which  receives  also  the 
products  of  the  urinary  and  generative  organs,  which  discharge 
themselves  through  a  common  urogenital  canal.  The  mammary 
glands  are  5 without  nipples  ;  and  the  young  are  produced  as  egos 
the  parent  thus  being  oviparous.  The  pectoral  arch  has  the 
coracoid  bone  distinct,  and  an  interclavicle  is  present  The  pelvis 
is  furnished  with  marsupial  bones.  Teeth  are  wanting,  or  are 
represented  by  horny  plates. 


The  Monotremes  are  remarkable  for  the  possession  of 
characters  which  indicate  relationships  with  the  Sauropsida 
generally,  and  with  the  Birds  in  particular.  The  cranial  bones 
of  the  Monotremes  anchylose  with  one  another  in  the  adult 
so  that  the  sutures  are  early  obliterated,  as  is  the  case  with  the 
skull  of  Birds.  'Phe  sutures  between  the  neural  arches  and 
the  bodies  of  the  vertebra  are  persistent  (as  in  many  Reptiles), 
and  the  cervical  vertebra  carry  short  ribs,  which  remain  long 
istinct.  1  he  coracoid  bones,  as  in  no  other  Mammals,  re¬ 
main  separate  from  the  scapula,  and  are  large  enough  to 
articulate  with  the  sternum.  A  large  T-shaped  interclavicle 
441)  l)  [s  present,  and  fixed  to  its  anterior  edge  are  the 
slender  clavicles  ( c  c).  I  here  are  sternal  ribs  (fig.  441,  sr) 
separated  from  the  vertebral  ribs  by  short  intermediate  pieces* 
1’he  acetabulum  is  perforated,  as  in  Birds,  and  the  brim  of  the 
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pelvis  is  provided  with  “  marsupial  bones.”  The  jaws  are  elon¬ 
gated,  and  are  either  toothless  (Echidna),  or  carry  two  pairs  of 
horny  plates  which  act  as  teeth  ( Ornithorhynchus).  The  feet  are 


Fig.  441. — Osteology  of  Monotremes.  A,  Skull  of  Echidna  hystnx.  B,  Side  view  of 
the  skull  of  Ornithorhynchus  anatinns ,*  and  C,  Lower  jaw  of  the  same,  viewed  from 
above,  showing  the  horny  dental  plates  (m).  I),  Sternum  and  adjacent  parts  of  the 

skeleton  of  a  young  O  m  it  ho  rhync  h  us  ’  cc  Clavicles  ;  1  Interclavicle  y/>  Prjester- 
num  ;  ins  Mesosternum  ;  r  r  Vertebral  ribs;  ir  Intermediate  ribs  ;  sr  Sternal  ribs. 
(A,  B,  and  C  are  after  Giebel ;  D  is  after  Flower.) 


five-toed,  some  or  all  of  the  toes  being  clawed ;  and  the  males 
carry  perforated  spurs  on  the  back  of  the  tarsus,  connected 
with  the  duct  of  a  gland,  and  probably  having  a  sexual  function. 

Of  their  other  characters,  the  most  remarkable  are  those 
relating  to  the  condition  of  the  reproductive  organs,  and  the 
mode  of  development  of  the  young.  As  has  been  previously 
seen  (p.  729,  fig.  440),  the  uterine  dilatations  of  the  oviducts 
remain  in  the  Monotremes  separate  from  one  another,  and 
open  separately  into  a  urogenital  sinus.  This  sinus  receives 
also  the  terminations  of  the  ureters,  which  open  separately 
from  the  bladder,  and  it  opens  into  a  “cloaca,”  into  which  the 
rectum  also  discharges  itself.  In  the  males,  the  vasa  defer- 
entia  similarly  open  into  a  urogenital  sinus  which,  in  turn, 
opens  into  the  cloaca.  The  condition  of  parts  in  the  Mono¬ 
tremes,  so  far  as  the  reproductive  and  urinary  organs  are  con¬ 
cerned,  is  thus  very  similar  to  that  which  obtains  in  Birds. 

Through  the  researches  of  Caldwell  —  as  yet  but  incom¬ 
pletely  published  —  it  is  now  known  that  the  Monotremes 
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further  resemble  the  Sauropsida ,  and  differ  from  the  Mammalia 
generally,  in  being  oviparous.  I  he  Ormthorhynchus  produces 
two  eggs,  enclosed  in  a  flexible  shell,  at  a  birth,  and  the 
Echidna  lays  one  such  egg.  The  eggs,  moreover,  are  like 
those  of  Birds,  in  being  of  comparatively  large  size,  and  con¬ 
taining  much  food-yolk.  As  in  the  case  of  Birds,  therefore,  the 
ovum  is  ‘ meroblastic,”  or,  in  other  words,  undergoes  but 
partial  segmentation. 

I  he  mammary  glands  have  no  nipples,  and  open  on  the 
surface  in  a  different  manner  in  the  two  genera  of  Monotremes. 
In  the  Ormthorhvnchus ,  the  ducts  of  the  mammary  glands 


Fig.  442.  Monotremata.  Ornithorhynchus  anatinus,  Australia. 


open  on  a  slightly  depressed  space,  and  there  is  nothing  in  the 
way  of  a  marsupial  pouch.”  In  the  Echidna ,  on  the  other 
hand,  each  of  the  two  mammary  glands  opens  into  a  kind  of 
mammary  pouch,  at  the  bottom  of  which  the  ducts  of  the 
glands  discharge  themselves,  there  being  no  nipple.  It  would 
appear  that  the  egg  of  the  Echidna  is  placed,  on  bein-  laid 
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in  one  of  these  mammary  pouches,  within  which  it  is  hatched, 
the  young  animal  subsequently  receiving  milk  from  the  mam¬ 
mary  glands  in  some  manner  not  fully  understood. 

The  order  Monotremata  includes  only  the  two  genera  Orni- 
thorhynchus  and  Echidna  (or  Tachyglossus) — the  one  repre¬ 
sented  by  a  single  species  ( O.  paradoxus  or  anatitius),  and  the 
other  by  four  species  (E.  hystrix ,  E.  setosa,  E.  Lawesi,  and  E. 
Bruijnii).  All  are  exclusively  confined  to  the  Australian 
province. 

The  Ornithorliynchus  or  Duck-mole  is  one  of  the  most  extraordinary  of 
Mammals.  The  body  (fig.  442)  resembles  that  of  a  mole  or  small  otter, 
and  is  covered  with  a  close,  short,  brown  fur.  The  tail  is  broad  and  flat¬ 
tened.  The  jaws  are  produced  to  form  a  beak  just  like  that  of  a  duck  in 
appearance  ;  hence  the  name  of  “Duck-billed  animal,”  often  applied  to 
it.  The  margins  of  the  jaw  are  sheathed  with  horn,  and  are  furnished  with 
transverse  horny  plates,  two  in  each p aw  (fig.  44L  h  and  C)  :  but  theie 
are  no  true  teeth.  The  sternum  (fig.  441,  D)  is  of  five  pieces,  and  there 
are  sternal  ribs.  The  nostrils  are  placed  at  the  apex  of  the  upper  man¬ 
dible.  The  legs  are  short,  and  the  feet  have  five  toes,  each  furnished  with 
strong  claws,  which  enable  the  animal  to  burrow  with  facility.  The  toes 
are  also  united  by  a  membrane  or  web,  so  that  the  animal  swims  with  great 
ease.  The  Ornithorhynchus  is  exclusively  found  in  Australia,  ranging  as  far 
north  as  Queensland,  and  in  Tasmania,  inhabiting  streams  and  ponds.  Its 
food  consists  chiefly,  if  not  exclusively,  of  insects,  and  the  animal  makes 
very  extensive  burrows  in  the  banks  of  the  rivers  which  it  fiequents.  dhe 
young  when  hatched  are  quite  blind,  and  nearly  naked,  and  the  method 
in  which  they  obtain  milk  from  the  mother  is  somewhat  obscure,  as  there 
are  no  nipples,  nor  is  there  any  marsupial  pouch.  It  is  ceitain,  however, 
that  the  beak  of  the  young  animal  is  extremely  different  from  what  it  is  in 
the  adult  condition.  The  young  animal  is  totally  hairless,  the  mandibles 
are  soft  and  flexible,  the  tongue  is  not  placed  far  back  in  the  mouth  (as  it 
is  in  the  adult),  and  the  eye  is  at  first  covered  by  the  skin. 

The  genus  Echidna  ( Tachyglossus )  is  represented  by  at  least  four  species 
—viz.,  E.  hystrix ,  E.  setosa,  E.  Lawesi,  and  £.  Bruijnii,  the  first  being 
Australian,  and  the  second  Tasmanian,  whilst  the  two  last  occur  in 
New  Guinea.  The  Echidna  hystrix  is  the  best-known  species,  and  in 
some  external  respects  is  not  unlike  a  large  hedgehog,  having  the  back 
covered  with  strong  spines,  interspersed  with  a  general  coating  of  bristly 
hairs.  The  snout  has  not  the  form  of  a  duck’s  bill,  as  in  the  Ornitho¬ 
rhynchus,  but  the  two  jaws  are  greatly  elongated,  and  are  enclosed  in  a 
continuous  skin  till  close  upon  their  extremities,  where  there  is  a  small 
aperture  for  the  protrusion  of  a  very  long  and  flexible  tongue.  1  he  jaws 
(li<>.  441,  A)  are  wholly  devoid  of  teeth  or  anything  in  the  place  of  teeth  ; 
and  the'  nostrils  are  placed  at  the  extremity  of  the  cylindrical  snout. 
The  feet  have  five  toes  each,  furnished  with  strong  curved  digging-claws, 
but  the  toes  are  not  webbed.  The  Echidna  hystrix  measures  from  I 
fifteen  to  eighteen  inches  in  length,  and  is  a  nocturnal  animal.  It  lives 
in  burrows  and  feeds  upon  insects,  which  it  catches  by  protruding  its  long 
and  sticky  tongue. 

As  regards  the  distribution  of  the  Monotremes  in  tunc,  no 
fossil  remains  referable  to  the  genus  Ornithorhynchus  have  | 
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been  as  yet  discovered ;  but  fossil  species  of  Echidna  have 
been  found  in  the  Post-Pliocene  deposits  of  Australia 
Order  II.  Marsupialia.— The  order  Marsupialia  con¬ 
stitutes  by  itself  the  sub-class  Didelphia,  and  forms  with  the 
lUonotremata  the  division  of  the  Non-placental  Mammals 

,1  t  l£  eAXCep-,0n  of  the  Senera  Di delphys  and  Chironectes , 
v  nth  are  American,  all  th Q  Marsupialia  belong  to  the  Aus- 
tra  lan  province  ;  that  is  to  say,  they  all  belong  to  Australia, 

\  an  Diemens  Land,  New  Guinea,  and  some  of  the  neigh¬ 
bouring  islands.  & 

ordem— °Il0WinS  ^  the  characters  which  distinguish  the 

The  skull  is  composed  of  distinct  cranial  bones  united  by  sutures 
amt  the  jaws  are  provided  with  true  teeth.  The  angle  of  the 

tZZSW}eXCep, T  SpedeS  °fPhalanSer\  is  bent  inwards 
towards  the  middle  line,  or  is  “ infected ”  (fig.  44,)  The 
pectoral  arch  has  the  same  44  ' 

form  as  in  the  higher  Mam¬ 
mals,  the  coracoid  being  fused 
with  the  scapula,  and  no 
longer  reaching  the  top  of 
the  sternum.  11  Marsupial 
bones  ’  or  “  marsupial  car¬ 
tilages’'  are  attached  to  the 
brim  of  the  pelvis.  The 
uterine  dilatations  of  the 

oviducts  do  not  coalesce,  but  Fij?-  443-— Lower  jaw  of  the  Wombat,  viewed 

the  external  opening  of  the  Ing7eSbK 5""*  the  strongly  inflected 
urogenital  sinus  is  distinct 

»  tht ’  ^mination  of  the  intestine,  and  there  is  no  “  clo- 

Tlf  y°,u,S  brought  forth  alive,  but  are  not  firo- 

a  /  thel  °  P  i^  The  mamma,y  S^nds  have  nipples, 

“L  l  »  V6ry  °ng'  a’,d  arc  nsua//y  stained  within  a 

J  TTZ  °r  P°UCh!ike  pold  °f  the  chin  of  the  abdomen, 
the  1  brain  i^very6 small.16  **”«""**  »*  callosum  of 

thr  I)IarSUpials  is  in  general  readily  recognised 
}  the  inflection  of  the  angle  of  the  lower  jaw  (fig.  44A  a  char- 

tionnf  oGSent  mal1  tj7'.members  of  the  order  with  the’  excep- 
3  Ve  stern  "a  Sptec!?s°f  phalanger  (the  little  Tarsipes  restrains  of 
tint  7[aAustralla)-  An7her  generai  character  of  the  skull  is 

one  in<"nnvv!l>0rS  ln  e-rC  i  ialf  °f  the  lower  jaw  are  either  only 
res  r  ber’  01  lf  thfy  are  three  in  number,  then  the  cor- 

nuE  The1301"5  m  thefupper  Jaware  ’"ore  than  three  in 
mber-  fhe  presence  of  “marsupial  bones”  (fig.  444)  is 
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not  a  conclusive  test  as  to  whether  or  not  a  skeleton  is  Marsu¬ 
pial,  since  these  bones  are  found  in  the  Monotremes  also. 

The  most  characteristic  points  with  regard  to  the  Marsupials 
are  to  be  found  in  the  mode  of  development  of  the  young. 

In  all  the  Marsupials,  namely,  the 
young  are  born  in  a  very  imperfect 
condition,  of  a  very  small  size,  and 
at  a  period  when  their  development 
has  proceeded  to  a  very  limited  extent 
only.  In  the  Great  Kangaroo,  the 
period  of  gestation  is  only  thirty-nine 
days,  and  the  embryo  when  born  is 
hardly  more  than  an  inch  in  length. 
In  the  Opossums  (Didelp  hides)  the 
period  of  gestation  is  only  from  fif¬ 
teen  to  seventeen  days.  Owing  to 
the  brevity  of  the  period  of  gestation, 
no  placenta  is  developed,  and  the 
entirely  helpless  young  are  at  birth 
transferred  by  the  mother  to  the  nip¬ 
ples,  which  are  of  great  length,  and 
are  usually  contained  within  a  pouch 
marsupium  ”  formed  by  a  fold- 


or 


ing  of  the  skin  of  the  abdomen. 


In 


Fig.  444. — One  side  of  the  pelvis  -  . 

of  a  Kangaroo,  showing  the  some  cases  there  is  no  regular  ‘  mar- 

'o”ven)PUl1  b°neS  ^  (Aftor  supium,”  but  the  structure  of  the 

nipples  is  in  all  cases  the  same, 
and  the  young  are  nourished  in  the  same  way.  In  all 
cases,  namely,  the  young  are  carried  about  by  the  mother, 
adhering  to  the  lengthy  teats,  and  being  for  some  time 
after  birth  extremely  feeble,  and  unable  to  perform  the  act 
of  suction,  they  are  nourished  involuntarily,  the  milk  being 
forced  into  their  mouths  by  the  contraction  of  special  mus¬ 
cles  covering  the  mammary  glands.  Choking  is  obviated 
during  this  process  by  the  upward  prolongation  of  tire  wind¬ 
pipe  to  the  posterior  nares,  the  act  ot  swallowing  thus 
not  interfering  with  respiration.  At  a  later  stage,  the  young 
can  suckle  by  their  own  exertions,  and  when  a  pouch  is 
present,  they  can  leave  it  and  return  to  it  at  will.  1'lrat 
the  “  marsupial  bones  ”  have  no  special  connection  with  the 
presence  of  a  “  marsupium  ”  is  shown  by  their  occurrence 
in  Monotremes,  in  which  there  is  no  pouch ;  but  they  are 
believed  by  Owen  to  serve  as  a  fulcrum  for  the  muscle  spread 
over  the  mammary  gland ;  and  in  the  males  they  perform  a 
similar  office  for  the  cremaster  muscle. 
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1  he  condition  of  the  reproductive  organs  has  been  previously 
noticed  (p.  729,  fig.  440).  The  two  uteri  are  completely  dis¬ 
tinct,  and  there  are  also  two  vaginae,  which  have  a  short 
common  portion  a.t  the  point  where  the  uteri  open  into  them. 

-  t  t  11s  point  also  is  a  long  backwardly-directed  vaginal  caecum, 
lire  two  vaginae  open  into  a  urogenital  sinus,  and  the  external 
aperture  of  this  is  separate  from  that  of  the  intestine,  though 
embraced  by  a  sphincter  muscle  common  to  it  and  to  the 
rectum.  The  testes  are  not  abdominal  throughout  life,  as  they 
are  in  the  Monotremes,  but  are  lodged  in  a  scrotum.  This 
io\\  e\er,  is  placed  in  front  of  the  penis,  and  not  beneath  the 
pubic  arch  as  it  is  in  Mammals  generally. 

Though  they  constitute  an  extremely  natural  order,  sharply 
separated  from  all  the  rest  of  the  Mammals,  the  Marsupials 
form  a  large  and  varied  group.  In  fact,  this  order,  from  bein^ 
the  almost  exclusive  possessor  of  a  continent  as  large  as  Aus- 
tiaha,  has  to  discharge  in  the  economy  of  nature  functions 
which  are  elsewhere  discharged  by  several  orders. 

The  Marsupialia  are  divided  by  Owen  into  the  two  primary 
sections  of  the  Diprotodontia  and  Polyprotodontia,  comprising- 
the  following  subordinate  divisions  : — 

(A.)  Diprotodontia. — Lower  incisors  two  in  number  • 
canines  rudimentary  or  wanting;  molars  mostly  with  broad' 
crushing  crowns. 

Sub-order  I.  Rhizophaga.— This  sub-order  includes  only  the 


F‘S  445-— Skull  of  Wombat.  (After  Oiebel.) 


single  genus  Phascolomys,  comprising  only  the  Wombat,  and  is 
characterised  by  the  fact  that  there  are  only  two  upper  and 
two  lower  incisors,  and  these  have  chisel-shaped  crowns,  and 
grow  from  permanent  pulps. 
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The  Wombat  ( Phascolomys  fossor)  is  a  stout,  heavy  animal,  which  attains 
a  length  of  from  two  to  three  feet.  The  legs  are  very  short  and  stout,  and 
the  animal  burrows  with  ease  by  means  of  strong,  curved  digging-claws, 
with  which  the  fore-feet  are  furnished.  The  tail  in  the  Wombat  is  quite 
rudimentary,  and  the  whole  body  is  clothed  with  a  brown  woolly  hair.  In 
its  dentition  (fig.  445)  the  Wombat  presents  a  curious  resemblance  to  the 
herbivorous  Rodents.  There  are  two  incisors  in  each  jaw,  and  these  are 
long  and  rootless,  growing  from  permanent  pulps.  There  are  no  canines, 
so  that  the  incisors  and  praemolars  are  separated  by  a  considerable  space. 
The  dental  formula  is — 

■i  —  1  o — o  ,  1— i  4 — 4 

1  ;  c - ;  pm  —  ;  m  *  ^  =  24. 

1  —  1  0—0  1  —  I  4 — 4 

The  praemolars  and  molars  agree  with  the  incisors  in  growing  from  perma¬ 
nent  pulps,  in  which  respect  the  Wombat  differs  from  all  the  other  Mar¬ 
supials,  and  agrees  with  the  herbivorous  Rodents,  with  those  Edentata 
which  have  teeth,  and  with  the  extinct  Toxodon  (Owen). 

The  Wombat  is  a  nocturnal  animal,  and  feeds  chiefly  upon  roots  and 
grass  ;  it  is  found  in  both  Australia  and  Van  Diemen’s  Land. 

Sub-order  II.  Poephaga. — This  sub-order  comprises  the 
Kangaroos  and  Kangaroo-rats,  which  together  constitute  the 
family  of  the  Macropodidce.  There  are  only  two  lower  incisors 
(one  on  each  side),  and  these  are  horizontal  and  chisel-shaped 
(fig.  446) ;  and  there  are  three  upper  incisors  on  each  side. 


Fig.  446.— Skull  of  Macropits  Bonnet  til.  (After  Giebel.) 


There  is  a  complete  marsupium,  in  which  the  nipples  (four  in 
number)  are  contained. 


The  typical  Kangaroos  {Macropits)  are  strictly  phytophagous,  and  ate 
distinguished  by  the  disproportionate  length  of  the  hind-limbs,  and  the  dis¬ 
proportionate  development  of  the  posterior  portion  of  the  body  as  com¬ 
pared  with  the  fore-limbs  and  fore-part  of  the  hotly.  1  he  hind-legs  are 
exceedingly  long  and  strong,  and  the  feet  are  much  elongated- the  whole 
sole  being  applied  to  the  ground.  The  hind-feet  (fig.  447)  have  four  toes 
each,  of  which  the  central  one  (the  4th  toe)  is  by  far  the  laigest,  and  the 
two  inner  toes  (the  2tl  and  3d  toes)  are  very  small,  and  are  united  by  a 
common  integument.  The  hallux  is  wanting  altogether.  1  he  tail  is  also 
extremely  long  and  strong,  and  is  of  great  assistance  to  the  animal  uhen 
standing  upright  upon  the  hmd-hmbs.  Horn  the  length  and  st.ength  of 
the  hind-limbs  and  hind-feet,  the  Kangaroos  are  enabled  to  efiect  extra- 
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ordinarily  long  and  continuous  bounds.  In  fact,  leaping  is  the  ordinary 

"l  Run-1  Trrn  mf-lhe-typ!cal  Kangaroos;  and  when  walking  upon 
all  lours  then  locomotion  is  slow  and  ungraceful 

I  he  anterior  extremity  of  the  body  is  very  dim¬ 
inutive  as  compared  with  the  posterior,  and  the 
lore-limbs  are  quite  small,  but  have  five  well-de¬ 
veloped  toes  armed  with  strong  nails.  The  head 
is  small,  with  large  ears,  and  the  dental  formula 

IS — 


2  o 

1 — 1 


.  °  — °  .  ,  1 — 1  4 — 4 

;  pm  -  -  ;  m  1 — ft  =  28. 

0—0  I  — 1  4_4 


There  are  therefore  six  upper  incisors,  two  lower  in¬ 
cisors  (the  latter  horizontal,  fig.  446),  and  no  func¬ 
tional  canines  (though  rudimentary  upper  canines  are 
present  in  the  young  of  some  of  the  Kangaroos,  at 
Tn.y  Tis  'le  stomach  is  complex,  and  sacculated. 

he  Kangaroos  are  all  herbivorous,  and  mostly  live, 
either  scattered  or  gregariously,  on  the  great  grassy 
plains  of  Australia.  The  ‘ 1  Tree  -  kangaroos,  ”  how 
e\ei  (constituting  the  genus  Dendrolagus),  live  mostly 
m  trees ;  and  in  adaptation  to  this  mode  of  life,  the 
oie-legs  are  nearly  as  long  and  strong  as  the  hind¬ 
legs,  the  tail  is  not  used  as  a  support,  and  the  claws 
are  long,  curved  and  pointed,  while  small  upper  can- 
mes  are  present.  They  are  natives  of  New  Guinea. 

1  •  ,  ,  nSaroos  ”  form  the  genus  Petrogale , 

amt  inhabit  the  mountainous  regions  of  North-west¬ 
ern  Australia. 

1  he  Kangaroo  -  rats  {Hypsiprymnus)  are  small 
somewhat  rat-like  animals,  with  hind-legs  longer  than 
the  fore-legs,  and  with  scaly  tails.  They  differ  in 
their  dentition  from  the  ordinary  Kangaroos,  as  they 
aye  well-developed  upper  canines  (fig.  44S,  c).  In  the  adult  there  is 

on  Its  sidf  e  h’  thS  beins  0f  Size  ™d 

its  sides  with  distinct  vertical  grooves.  The  extinct  Jurassic  genus 


IV. 

T‘g-  447- — Hind-foot  of 
Macropus  Ben  uettii. 
(After  Flower.) 


inr;soTI-,:-'!i',i0n  ?f  -he  KaI>pr°°->-a \  (Hypsiprymnus  cuniculus).  Um, 

)«  4  MoUrs  °r:  ‘  l  'JPerca'"'"-- 1  P'“  Vertically-grooved  prtemolar  ; T 


Plagiaulax 
grooves  are 


has  similarly  grooved  prsemolar  teeth,  but  in  this  case 
oblique.  1  he  Kangaroo-rats  are  diminutive  nocturnal 


the 
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mals,  and  they  feed  mostly  upon  roots.  They  are  found  both  in  Australia 
and  Tasmania. 

Sub-order  III.  Carpophaga. — This  sub-order  includes  the 
“Koala”  ( Phascolarctos ),  and  the  various  small  Marsupials 
which  are  usually  known  as  “Phalangers”  ( Phalangistidce ). 
The  members  of  this  sub-order  have  three  upper  and  one 
lower  incisor  on  each  side,  and  have  small  upper  canines ; 
while  the  second  and  third  digits  of  the  hind-feet  are  united  by 
the  skin. 

The  singular  animal  known  by  the  Australian  colonists  as  the  “native 
Sloth”  or  “Bear,”  and  by' the  natives  as  the  “Koala  ’’  (Phascolarctos 
cinereus),  represents  a  special  group  of  this  sub-order.  It  is  about  two  feet 
in  length,  having  a  stout  body,  covered  with  a  dense  bluish-grey  fur.  The 
tail  is  wanting  (fig.  449)  ;  and  the  feet  are  furnished  with  strong  curved 


Fig.  449. — “  Koala”  ( Phascolarctos  cittcrcits). 


claws,  which  enable  the  animal  to  pass  the  greater  part  of  its  existence  in 
trees.  In  this  it  is  greatly  assisted  by  the  fact  that  all  the  feet  are  prehen¬ 
sile,  the  hallux  being  opposable,  and  the  digits  of  the  fore-limb  divided 
into  two  sets,  the  thumb  and  index-finger  being  opposable  to  the  other 
fingers.  The  dental  formula  is — 

i  3  3  .  c  1  1  ;  /> nt  1  1  ;  "i  ^  4  =30. 

1— 1  0-0  1- 1  4—4 


The  Koala  is  a  slow  animal  which  feeds  on  the  foliage  of  the  trees  in 
which  it  spends  its  existence.  . 

The  typical  group  of  the  carpophagous  Marsupials  is  that 
Phalangislida  or  Phalangers,  so  called  because  the  second 


f  the 
and  third 
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digits  of  the  hind-feet  are  joined  together  almost  to  their  extremities, 
t  he  family  includes  a  number  of  small  Marsupials,  fitted  for  an  arbo¬ 
real  existence,  to  which  end  the  hallux  is  opposable  and  nail-less,  whilst 
the  four  remaining  toes  of  the  hind-feet  have  long  curved  claws.  The  tail 
too,  is  generally  very  long,  and  its  tip  is  usually  prehensile.  The  Phalan- 
gers  are  all  small  nocturnal  animals  which  live  upon  fruits  and  other 
vegetable  food.  1  he  best  known  of  them  is  the  Australian  Opossum  or 
\  u  pine  1  halanger  (Phalangista  vulpina),  which  must  not  be  confounded 
u  tme.  °,r  Amencan  Opossums,  which  belong  to  another  section  of 

the  Marsupial, a  The  Fhalangers,  namely,  are  distinguished  from  the 

Opossums  properly  so  called,  amongst  other  characters,  by  their  dentition 
the  canine  teeth  being  always  very  small  and  functionally  useless  in  the 
lower  jaw,  and  sometimes  in  the  upper  jaw  as  well.  The  Phalansnsta 
vulpina  is  nocturnal  and  arboreal  in  its  habits,  and  its  flesh  is  esteemed  a 
great  delicacy  by  the  native  Australians,  with  whom  opossum -hunting  is  a 
favourite  pursuit. 

1  he  flying  Phalangers  or  Petauri  are  closely  allied  to  the  true  Phalan- 
gers,  but  differ  in  not  having  a  prehensile  tail,  and  in  having  a  fold  of  skin 
extending  on  each  side  between  the  sides  of  the  body  and  the  hind  and 
foie  limbs,  by  the  help  of  these  lateral  membranes  the  Petauri  can  take 
extensive  leaps  from  tree  to  tree  ;  but  though  called  “flying”  Phalaimers 
they  have  no  power  of  flight  properly  so  called.  They  are  beautiful  Tittle 
animals,  nocturnal  in  their  habits,  and  having  the  body  clothed  with  a  soft 
and  delicate  fur. 

The  singular  little  Marsupial  which  alone  constitutes  the  genus  Tarsifies 
resembles  the  preceding  forms  in  having  only  two  lower  incisors,  and  in 
having  the  second  and  third  toes  united  by  skin.  It  resembles  the  forms 
which  follow,  however,  in  havmg  lower  as  well  as  upper  canines  It  is 
the  only  Marsupial  in  which  the  angle  of  the  mandible  is  not  inflected  It 
is  a  very  diminutive  animal,  and  is  found  in  Western  Australia. 

(Ik)  Polyprotodontia. — Lower  incisors  more  than  two  in 
number ;  canines  more  or  less  well  developed  ;  molars  cuspi¬ 
date  or  with  sectorial  crowns. 

Sub-order  IV.  Entomophaga.— This  sub-order  includes  the 
fanuhes  of  the  Bandicoots  ( Peramelidce ),  the  true  Opossums 
( Didelphidce) ,  and  the  Banded  Ant-eaters  (. Myrmecobiidce )  All 


f  ig.  45°.  Dentition  of  Opossum  (. Didelphys ). 


the  members  of  this  section  agree  with  the  typical  Carnivorous 
Marsupials  in  having  both  lower  and  upper  canines,  and  in 
being  adapted  for  an  animal  diet  (fig.  450).  The  canines  arc 
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however,  of  no  large  size,  and  the  molars  have  cuspidate 
crowns.  The  members  of  this  order  are  not,  therefore,  highly 
predaceous,  but  “prey,  for  the  most  part,  on  the  smaller  and 
weaker  classes  of  Invertebrate  animals  ”  (Owen). 

The  Bandicoots  ( Peramelidce )  are  small  Australian  animals,  which  ap¬ 
pear  to  fill  the  place  of  the  Hedgehogs,  Shrew-mice,  and  other  small  In 
sectivoi-a  of  the  Old  World.  The  molars  are  cuspidate,  and  canines  are 
present.  The  dental  formula  is — 

i  5  ;  c  1 — I  ;  pm  J  I  ;  ^  —  4S. 

3—3  1  1  3—3  4-4 

The  hind-limbs  in  the  Bandicoots  are  considerably  longer  than  the  fore¬ 
limbs,  and  their  progression  is  therefore  by  a  series  of  bounds.  The  fore¬ 
limbs  have  really  five  toes  each,  but  only  the  central  three  of  these  are 
well  developed,  the  outermost  and  innermost  digits  being  rudimentary. 
The  three  functional  toes  are  armed  with  long  and  strong  claws,  with  which 
the  Bandicoots  burrow  with  great  ease.  The  marsupial  pouch — and  this 
is  a  singular  point — opens  backwards  instead  of  forwards.  In  the  nearly- 
allied  genus  Clueropns ,  also  from  Australia,  the  fore-foot  has  only  two 
functional  digits  (the  2d  and  3d),  the  1st  and  5th  digits  being  wanting, 
and  the  4th  being  rudimentary;  while  the  4th  digit  of  the  hind-foot  is  the 
only  functional  toe. 

The  second  family  of  this  section — namely,  that  of  the  true  Opossums  or 
Didelphidic — is  remarkable  in  being  the  only  group  of  the  whole  order  which 


Fig.  451.— The  female  of  Didc/fthys  dorsigera,  one  of  the  South  American 
Opossums,  carrying  its  young  upon  its  back. 


occurs  out  of  the  Australian  province.  I  lie  Id  id id ph uiu\  namely,  ate  ex¬ 
clusively  found  in  North  and  South  America,  where  they  are  known  as 
“Opossums.”  A  considerable  number  of  species  is  known,  but  they  are 
mostly  of  small  size,  the  largest  measuring  not  more  than  from  two  to 
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three  feet,  inclusive  of  the  tail.  The  Virginian  Opossum  ( Didelphys  virgin - 
tana)  is  the  only  member  of  the  family  which  is  found  in  north  of  Mexico, 
and  it  was  the  earliest  Marsupial  known  to  science ;  its  place  in  South 
America  is  taken  by  the  widely  -  distributed  Didelphys  d’Asarcr.  Most 
of  the  Opossums  are  carnivorous,  feeding  upon  small  quadrupeds  and 
birds,  but  they  also  eat  insects,  and  sometimes  even  fruit.  One  species 
( Didelphys  cancrivora)  lives  chiefly  upon  Crabs  ;  and  the  Yapock  ( Cheiro - 
nectes)  has  webbed  feet,  and  leads  a  semi-aquatic  life.  All  the  Didelphulce 
have  the  hallux  nail-less  and  opposable  to  the  other  toes,  so  as  to  convert 
the  hind-feet  into  prehensile  hands,  and  all  have  a  more  or  less  perfectly 
prehensile  tail,  these  being  adaptations  to  an  arboreal  life.  The  marsu¬ 
pial  pouch  is  sometimes  not  present  in  a  complete  form,  but  is  merely 
lepiesented  by  cutaneous  folds  of  the  abdomen  concealing  the  nipples. 
In  the  Didelphys  dorsigera  (fig.  451),  in  which  this  peculiarity  obtains,  the 
joung  soon  leave  the  nipples,  and  are  then  carried  about  on  the  back  of 
the  mother,  to  whom  they  cling  by  twining  their  prehensile  tails  round 
hers.  1  lie  dentition  of  the  Opossums  (fig.  450)  is  remarkable  for  the 
great  number  of  the  incisor  teeth,  the  dental  formula  being — 

'  ^  ®  ;  c  I  —  I-  ;  pm  ;  „i  4~~4  =  50. 

4—4  1— 1  3-3  4—4 

I  .he  canines  are  well  developed,  and  the  crowns  of  the  molars  are  cus¬ 
pidate. 

Ihe  Banded  Ant-eater  (Myrmecobius  fasciatus ),  which  alone  constitutes 
the  family  of  the  Myrmecobiida ,  is  a  small  but  extremely  elegant  little  ani¬ 
mal,  which  inhabits  Western  and  Southern  Australia,  and  lives  upon 
insects.  The  tail  is  bushy,  and  differs  from  that  of  the  Didelphidee  in  not 
being  prehensile.  The  fore-feet  have  five  toes  armed  with  claws ;  the 
hind-feet  have  only  four  toes.  The  Myrmecobius  is  remarkable  for  the 
extiaordinary  number  of  molar  teeth,  in  which  it  exceeds  any  existing 
-laisupial,  and  is  only  surpassed  by  some  of  the  Armadillos.  The  dental 
formula  is — 


4  . 
’ 

a 


m 


6—6 

6—6 


=  54- 


Sub  order  V.  Sarcophaga. — This  section  comprises  the  fam¬ 
ily  ot  the  Dasyuridce ,  including  a  number  of  carnivorous  Mar- 


1  '£•  452*  Dentition  of  Dasyurus  ursinits.  1  Incisors  ;  c  Canines;  />m  Praemolars 

m  Molars. 


supials,  which  resemble  the  typical  Carnivora  in  being  organ¬ 
ised  for  preying  upon  other  animals.  They  have  no  caecum  to 
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the  intestine,  and  the  dentition  (fig.  452)  is  highly  carnivorous, 
the  canines  being  long  and  pointed,  and  the  molar  and  prse- 
molar  teeth  having  cutting  edges  furnished  with  three  cusps. 
There  are  three  lower  and  four  upper  incisors  on  each  side, 
the  incisors  thus  differing  from  those  of  the  true  Carnivora,  in 
which  there  may  be  fewer  but  are  never  more  than  three 
incisors  on  each  side  of  each  jaw. 

The  Dasyurida,  or  “Native  Cats,”  are  widely  distributed  over  the 
Australian  region,  and  are  represented  by  many  species,  of  which  one  of 
the  best  known  is  the  “Native  Devil  ”  [Dasyurus  ursimts)  of  Tasmania. 
This  species  is  about  as  large  as  a  Badger,  and  is  of  a  ferocious  and  un¬ 
tamable  disposition.  Its  dental  formula  is — 


*■  t'4 ; 

3  3 


1  —1 
1 — 1 


All  the  prcemolars  and  molars  (fig.  452)  have  cutting  edges.  There  are 
various  other  species  of  Dasyurus ,  mostly  of  small  size,  which  inhabit  both 
Australia  and  Tasmania. 

The  genus  Thylacinus  includes  the  dog-like  “  Thylacine  ”  (T.  cyno- 
cephalus),  which  is  a  native  of  Tasmania,  the  inhabitants  of  which  know  it 
under  the  name  of  the  “hyaena,”  its  banded  body  giving  it  somewhat  the 
appearance  of  this  latter  animal.  The  Thylacine  is  not  unlike  a  Wolf  in 
general  aspect,  and  it  grows  to  the  size  of  a  sheep-dog.  The  muzzle  is 
long,  and  the  general  aspect  of  the  skull  is  very  like  that  of  a  Fox.  Ihe 
“  marsupial  bones  ”  are  represented  in  the  Thylacine  by  cartilages  only,  I, 
and  the  marsupial  pouch  opens  backwards. 

Of  the  other  genera  of  Dasyurida,  one  of  the  best  known  is  P/iascogale, 
comprising  a  number  of  weasel-like,  arboreal  Marsupials,  which  inhabit 
Australia,  Van  Diemen’s  Land,  and  New  Guinea. 

As  regards  their  distribution  in  time,  it  is  probable  that  the 
fragmentary  remains  of  Mammals  which  have  been  found  in 

O  _  J  _  t 

the  Trias,  and  which  constitute  at  present  the  earliest  evidence 
of  the  existence  of  Mammals  upon  the  earth,  are  referable  to 
the  Marsupials.  Upon  these  remains  have  been  founded  the 
gen  era  Dromatherium  (fig.  453),  Microlestes  (fig.  454),  and  Hypsi- 


Fig.  .53. — Lower  jaw  of  Dromatherium  sylvestre.  Fig.  454. — "  Molar  tooth  of  A/icro- 
'  Trias,  North  Carolina.  (After  Emmons.)  testes  antiquus ,  magnified  \  o  |l 

Crown  of  the  same,  magnified 
still  further.  Trias,  Germany. 

prymnopsis ;  but  as  these  are  only  known  from  the  detached 
ramus  of  the  mandible,  or  from  separate  teeth,  it  is  not  pos¬ 
sible  to  determine  their  affinities  with  certainty. 
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In  the  Jurassic  rocks  a  number  of  forms  of  Mammals  have 
been  discovered,  and  upon  these  have  been  founded  various 
genera  ( A mphit hen u »i ,  Phascolotherium ,  P/agiait/ax,  Tricono- 
don,  Arc.).  Such  remains  of  these  as  have  been  found  indicate 
the  existence  of  a  number  of  small  Mammals,  which  have 
usually  been  regarded  as  related  to  such  existing  Marsupials  as 
Myrmecobuts,  or  to  the  Kangaroo-rats.  In  none  of  these 
extinct  forms  is  more  known  of  the  skeleton  than  the  detached 
ramus  of  the  mandible,  and  their  affinities  are  therefore  un¬ 
certain.  In  one  ot  them,  however — viz.,  Plagiaulax  (fig.  455) 
—the  resemblance  of  the  grooved  praemolar  teeth  to  the  great 


Fig.  45S-A,  Right  ramus  of  the  lower  jaw  of  Plagiaulax  miner-  Jurassic  enlarged 
four  diameters.  B,  Third  praemolar  of  Plagiaulax  Becklesii,  enlarged  five  and  a 
all  times,  snowing  the  diagonal  grooves  on  the  exterior  of  the  crown.  (After  Owen.) 


grooved  praemolar  of  the  recent  Kangaroo-rats  (fig.  448)  is 
close  enough  to  warrant  a  confident  belief  that  this  genus  is 
really  Marsupial.  In  the  Jurassic  rocks  of  the  United  States, 
moreover,  Marsh  has  obtained  the  remains  of  Opossums  ( Dry- 
olestes)  which  appear  to  belong  to  the  characteristic  American 
group  of  the  Didelphidce.  As  regards  the  Tertiary  series,  it  is 
interesting  to  note  that  the  Opossums,  now  wholly  confined 
to  the  New  A\  orld,  had  in  early  Tertiary  times  representatives 
in  Europe  (the  genus  Peratherium). 

In  the  Post-Tertiary  deposits  of  Australia  have  been  found 
the  remains  of  a  large  number  of  extinct  Marsupials,  which 
represent  the  now  existing  groups,  but  were  for  the  most  part 
of  comparatively  gigantic  dimensions.  Thus  we  meet  with 
the  remains  of  \\  ombats,  Phalangers,  Kangaroos,  and  car¬ 
nivorous  Marsupials  like  the  living  Dasyure  and  Thylacine. 
Of  the  Kangaroo-like  forms  one  of  the  most  remarkable  is  the 
genus  Diprotodon,  the  species  of  which  were  of  comparatively 
gigantic  size.  Others  of  the  extinct  Australian  Marsupials, 
such  as  Thylacoleo ,  differ  in  important  respects  from  any  of  the 
types  now  in  existence. 
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CHAPTER  LXV. 

EDENTATA. 

Order  III.  Edentata  or  Bruta. — The  lowest  order  of  the  ft 
placental  or  monodelphous  Mammals  is  that  of  the  Edentata,  i 
often  known  by  the  name  of  Bruta.  The  name  Edentata  is 
certainly  not  an  altogether  appropriate  one,  since  it  is  only  in 
two  genera  in  the  order  that  there  are  absolutely  no  teeth. 

The  remaining  members  of  the  order  have  teeth,  but  these 
are  alzuays  destitute  of  true  enamel,  are  never  displaced  by  a 
second  set,  and  have  no  complete  roots.  Further,  in  none  of  the 
Edentata  are  there  any  median  incisors,  and  in  only  one  species 
(one  of  the  Armadillos)  are  there  any  incisor  teeth  at  all. 
Canine  teeth,  too,  are  almost  invariably  wanting.  Clavicles  are 
usually  present,  but  are  absent  in  the  Scaly  Ant-eaters  (Mams),  fti 
All  the  toes  are  furnished  with  long  and  powerful  claws.  I 
The  mammary  glands  are  usually  pectoral,  but  are  sometimes  | 
abdominal  in  position.  The  testes  are  abdominal  in  position.  Q 
The  skin  is  often  covered  with  bony  plates  or  horny  scales. 

The  placentation  of  the  Edentates  varies,  the  placenta 
being  discoidal  and  deciduate  in  the  Sloths  (e.g.,  Cho/apus 
Hoffmanni),  but  diffuse  and  non-deciduate  in  Mams  (  1  inner) 

— a  fact  which  throws  some  doubt  on  the  propriety  of  using 
the  placental  characters  in  classification. 

The  order  Edentata  is  conveniently  divided  into  two  great  j 
sections,  in  accordance  with  the  nature  of  the  food,  the  one 
section  being  phytophagous,  the  other  insectivorous.  In  the 
former  section  is  the  single  group  of  the  Sloths  (Bradypodidce). 

In  the  latter  are  the  two  groups  of  the  Armadillos  (Dasypodidce), 
and  the  various  species  of  Ant-eaters  (the  latter  constituting 
Owen’s  group  of  the  Edentula). 

The  order  Edentata  is  but  sparingly  represented  in  modern 
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times,  and  its  geographical  distribution  is  peculiar.  The  true 
Ant-eaters,  the  Armadillos,  and  the  Sloths,  are  entirely  con¬ 
fined  to  South  America,  in  which  country  a  group  of  gigantic 
extinct  Edentates  existed  in  Post-tertiary  times.  The'Scaly 
Ant-eaters  (Mams)  are  common  to  Asia  and  Africa,  and  the 
genus  Orycterojms  is  peculiar  to  Africa. 

Phe  following  are  the  families  of  the  existing  Edentata:— 
i.  Bradypodida  (or  Tardigrada).— This  family  includes  only 
the  singular  South  American  animals  known  as  the  Sloths 
characterised  by  being  arboreal  and  plant-feeding  Edentates’ 
with  the  fore-limbs  longer  than  the  hind-limbs,  and  the  tail 


rudimentary  or  absent.  The  are  no  incisor  teeth  (fig.  456,  A), 
but  there  are  or  rootiess  moiars>  wlljch  grow  from 

5ep™“e"1  pulps,  and  have  the  form  of  simple  cylinders  of 
•  enve  oped  in  cement.  1  he  ribs  are  very  numerous, 
vaiymg  from  fifteen  to  seventeen  pairs  in  Bradypus,  but  being  as 
many  as  twenty-three  or  twenty-four  pairs  in  CAo/apus.  The 
ma  ar  bone  (fig.  456,  A)  is  not  directly  articulated  with  the 
emporal,  and  sends  backwards  two  long  processes  one 
irected  upwards  and  one  downwards.  The  stomach  is  com¬ 
plex,  somewhat  resembling  that  of  the  Ruminants.  The  lon- 
bones  have  no  medullary  cavities  g 
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The  Sloths  have  a  remarkably  short  and  rounded  face,  and  the  body  is 
covered  with  coarse  harsh  hair.  The  mammary  glands  are  two  in  number, 
and  pectoral  in  position.  Living  as  they  do  in  the  vast  primeval  forests  of 
South  America,  the  Sloths  are  adapted  for  a  purely  arboreal  mode  of  life, 
being  constructed  to  pass  their  existence  suspended  back  downwards  from 
the  branches  of  trees.  They  not  only  thus  move  freely,  but  even  in  sleep 
they  retain  this  apparently  unnatural  position.  To  fit  them  for  this  mode 
of  life  the  fore-limbs  are  much  longer  than  the  hind-limbs,  and  the  bones 
of  the  fore-arm  are  unusually  movable.  All  the  feet,  but  especially  the 
fore-feet,  are  furnished  with  enormously  long  curved  claws  (fig.  457),  and 


the  ungual  phalanges  are  so  articulated  that  the  claws  are  bent  inwards 
towards  the  hand  or  sole.  The  toes  themselves  are  rigid,  and  are  so 
enveloped  in  the  integument  as  to  leave  nothing  visible  except  the  long 
and  crooked  claws.  The  feet  are  thus  admirably  adapted  for  the  peculiar  p 
mode  of  climbing  practised  by  the  Sloths.  Owing,  however,  to  the  fact 
that  the  hand  and  foot  are  jointed  to  the  arm  and  leg  obliquely,  the  palm 
and  sole  are  turned  inwards,  and  cannot  be  applied  to  the  ground.  Hence 
terrestrial  progression  can  only  be  slowly  and  painfully  effected  by  the 
Sloths. 

In  the  genus  Bradypus  are  the  so-called  Three-toed  Sloths,  in  which  the 
fore-feet  have  three  toes  each.  Nine  cervical  vertebrae  are  present.  The 
best -known  species  is  the  A'i  ( Bradypus  tndactylus).  In  the  genus 
Chohvpus  there  are  only  two  toes  to  the  fore-feet ;  and  the  first  teeth  in 
each  jaw  are  longer  and  more  pointed  than  the  others,  and  have  been 
regarded  as  canines.  In  the  Unau  (C.  lloffmamii )  there  are  only  six 
cervical  vertebras;  but  in  Cholcepus  didactylus  the  neck  vertebrae  have 
their  normal  number. 

2.  Myrmecophagidce. — This  family  includes  the  Hairy  Ant- 
eaters  of  South  America,  and  is  characterised  by  the  fact  that 
the  jaws  are  toothless,  the  tongue  is  long  and  protrusible, 
and  the  salivary  glands  are  exceptionally  developed.  The 
skin  is  covered  with  hair,  and  the  feet  are  armed  with  long 
curved  claws,  adapted  for  digging  or  climbing.  The  malar 
(jugal)  does  not  reach  the  temporal  bone,  but  has  no  de¬ 
scending  process. 
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Die  best-known  member  of  this  family  is  the  Great  Ant-eater  ( Mvrme- 
cophaga jubata).  This  singular  animal  attains  a  length  of  over  four  feet 
am  has  an  extremely  long  and  bushy  tail.  The  jaws  are  produced  to  form 
a  long  and  slender  snout,  which  is  entirely  enclosed  in  the  skin,  till  just  at 
!  '  extrem'ty.  where  there  is  an  aperture  for  the  protrusion  of  the  cylindrical 

ngue.  A  bird-like  character  is  the  horny  gizzard-like  stomach.  The  an- 

IZZl  rU  6  °U!’  anC  ,the  P°ste'ior  feet  five  toes,  all  armed  with  strong 
curved  claws,  which,  in  the  case  of  the  fore-feet,  when  not  used  in  digging 
a.e  bent  inwards  so  that  the  animal  walks  on  the  sides  of  the  feet ;  where¬ 
as  the  soles  of  the  hind-feet  touch  the  ground.  The  animal  is  perfectly 
harmless  and  gentle,  when  unmolested,  and  leads  a  solitary  life  It  lives 
mainly  upon  Termites,  into  the  nests  of  which  it  forces  its  way  by  means 
of  the  powerful  claws.  When  the  Termites  rush  out  to  see  what  is  the 
matter,  the  Ant-eater  captures  them  by  thrusting  out  its  glutinous  tongue 
an  action  which  can  be  repeated  with  marvellous  rapidity  &  ’ 

In  the  closely-allied  genus  Tamandua  the  feet  are  four-toed,  and  the 
arboreal  in  its  habits  as  is  also  the  case  with  the  species  of  Cy- 
c  lot  hut  us.  In  the  latter  the  fore-feet  are  two-toed,  and  the  hind-feet  are 
four-toed  wnh  a  rudimentary  hallux.  In  accordance  with  their  mode  of 
life  these  forms  have  prehensile  tails,  and  in  the  last-mentioned  genus  well- 
developed  clavicles  are  present.  & 


3-  Manida.— This  family  includes  only  the  Scaly  Ant-eaters 
01  Pangolins  (fig.  458),  the  species  of  which  are  exclusively 
confined  to  the  Old  World,  and  are  found  both  in  Africa  and 


I  Ig.  458.  Manis  fientadactyla,  one  of  the  Scaly  Ant-eaters  or  Pangolins. 


Asia,  lhe  skull  is  bird-like,  the  jaws  toothless,  and  the 
zygomatic  arch  incomplete.  The  whole  of  the  body,  limbs 
and  tail  in  the  Manidcc  is  covered  with  an  armour  of  horny 
imbricated  epidermic  plates,  overlapping  like  the  tiles  of  a 
muse,  and  apparently  consisting  of  agglutinated  hairs.  The 
cgs  are  short,  and  furnished  with  four  or  five  toes  each,  end¬ 


ing  m  long  and  stron 


dii 


Iging-claws ;  but  there  are  no  cla- 
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vicles.  The  tongue  resembles  that  of  the  Hairy  Ant-eaters  in 
being  long  and  contractile,  and  capable  of  being  exserted  for 
a  considerable  distance  beyond  the  mouth.  It  is  covered 
with  a  glutinous  saliva,  and  is  the  agent  by  which  the  animal 
catches  ants  and  other  insects. 

When  threatened  by  danger,  the  Pangolins  roll  themselves  up  into  a 
ball,  like  the  hedgehogs.  The  tail  is  comparatively  long,  and  is  covered 
with  scales.  Though  very  strong  for  their  size,  only  one  of  the  species  (A/. 
"i°-antea  of  Africa)  attains  a  length  of  more  than  three  or  four  feet,  inclu¬ 
sive  of  the  tail.  The  best-known  species  are  the  Mams  pentadactyla  of 
India,  and  the  Mam's  tetradactyla  of  Africa.  Other  species  occur  in  Java, 
Sumatra,  and  China. 

4.  Orycteropidtz. — This  family  comprises  the  single  genus 
Orycteropus,  all  the  species  of  which  are  African.  Ihe  body 
in  this  genus  is  covered  with  hair,  and  the  animal  puts  tire 
palms  of  the  hands  and  the  soles  of  the  feet  to  the  ground. 
The  jaws  are  furnished  with  cylindrical  molars  (fig.  459)) 


Fig.  459.— Skull  of  Orycteropus  capensis. 


the  zygomatic  arch  is  complete.  The  pectoral  arch  has  well- 
developed  clavicles. 

Of  the  known  species  of  Orycteropus ,  the  most  familiar  is  the  O.  capensis, 
which  is  peculiar  to  South  Africa,  and  is  known  by  the  Dutch  colonists  as 
the  “  Aardvark  ”  or  Ground-hog.  The  animal  is  nocturnal  in  its  habits, 
and  lives  upon  insects.  The  body  is  elongated,  and  the  tail  is  long,  the 
species  attaining  a  total  length  of  four  feet  or  more.  The  legs  are  short, 
and  the  feet  plantigrade,  the  anterior  pair  having  four  unguiculate  toes,  the 
posterior  five.  The  claws  are  strong  and  curved,  and  enable  the  animal  to 
construct  extensive  burrows.  The  skin  is  very  thick,  and  is  thinly  covered 
with  bristly  hairs  ;  and  the  tail  is  hairy.  The  head  is  elongated,  and  the 
mouth  small — devoid  of  incisor  anil  canine  teeth  (fig.  459),  but  furnished 

with  a  number  of  cylindrical  molars  ^  ^  V  The  crowns  of  the  molars 

are  fiat,  and  they  are  composed  of  dentine  traversed  by  numerous  dichot¬ 
omising  pulp-cavities,  their  cross-section  resembling  a  piece  of  bamboo  cut 
across.  The  tongue  is  long,  fiat,  and  slender,  and  is  covered  by  a  sticky 
saliva,  by  the  aid  of  which  the  animal  catches  insects.  The  head  is  long 
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.  .  .  '  .  .  uiiu  nit  tain  wive,  clcCl. 

and  pointed.  Other  species  of  Orycteropus  occur  in  Senegal  and  Southern 

5.  Dctsypodidtz. — This  family  includes  only  the  Armadillos 
which  are  exclusively  Neotropical  in  their  distribution,  and 
range  from  Patagonia  to  South  Texas.  The  Armadillos  are 
burrowing  animals,  furnished  with  strong  digging-claws  and 
well-developed  clavicles.  The  jaws  are  furnished  with  numer¬ 
ous  simple  molars,  which  interlock  with  one  another  when  the 
mouth  is  closed  (fig.  456,  B).  In  one  species  lateral  incisors 
aie  present  in  the  pnemaxilla?.  The  zygomatic  arch  is  com¬ 
plete  1  he  body  is  more  or  less  completely  protected  by  an 
exoskeleton  of  epidermal  scales  underlaid  by  dermal  bonv 
scutes  or  shields,  which  are  united  to  one  another  by  sutures. 
In  its  most  complete  form,  this  exoskeleton  is  divided  into 
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the  body,  and  give  the  necessary  flexibility  to  this  singular 
dermoskeleton.  In  some  forms  this  flexibility  is  so  great  that 
the  animal  can  roll  itself  up  like  a  hedgehog.  The  tail  is 
likewise  mostly  covered  with  bony  scutes.  The  spinous  pro¬ 
cesses  of  the  second  cervical  and  of  all  the  dorsal  vertebras  are 
specially  developed  to  carry  the  dermal  shield.  The  sternum 
and  first  rib  are  expanded,  and  sternal  ribs  are  present. 

The  Armadillos  vary  in  length  from  half  a  foot  up  to  three  feet,  and  live 
upon  insects,  worms,  carrion,  roots,  and  fruits.  The  largest  living  species 
is  the  Great  Armadillo  ( Priodontes  gigas),  in  which  the  molars  reach  the 
enormous  number  of  nearly  one  hundred.  The  smallest  is  the  aberrant  I 
little  Chlcimydophorus  truncatus,  which  is  only  six  inches  long,  and  in 
which  the  dermal  armour  has  the  form  of  a  long  dorsal  shield,  composed 
of  transverse  bands  of  scutes,  and  attached  in  front  to  the  frontal  bone.  1 
Other  well-known  species  are  the  Peba  ( Dasypus  peba ),  the  Poyou  (D.  sex- 
cinctus),  the  Peludo  (D.  villosits),  and  the  Pichiy  (I).  minitiits).  In  the 
genus  Tolypeutes  (fig.  460),  the  animal  walks  upon  the  tips  of  the  toes,  II 
and  has  the  power  of  rolling  itself  into  a  ball. 

As  regards  their  distribution  in  time,  the  oldest  Edentates 
at  present  known  occur  in  Europe.  These  are  the  Macro- 
therium  and  Ancylotherium  of  the  Miocene  Tertiary  (the  latter  | 
also  in  the  Oligocene),  both  apparently  allied  to  the  Oryctero- 
pidce,  with  affinities  to  the  Manidce.  The  Pliocene  deposits 
of  North  America  have  yielded  to  the  researches  of  Pro¬ 
fessor  Marsh  two  large  Edentates  of  the  new  genus  Moro- 
therium,  and  the  Miocene  deposits  of  the  same  country  contain 
the  remains  of  another  Edentate  type  ( Moropus ).  It  is,  how¬ 
ever,  in  the  Post-tertiary  deposits  of  the  American  continent, 
and  especially  of  South  America — the  present  metropolis  of 
the  order — that  we  find  the  most  abundant  and  the  most  re-  p\ 
markable  remains  of  Edentate  animals.  Here,  both  in  Post¬ 
pliocene  superficial  deposits  and  in  cave-earths  of  the  same 
age,  we  meet  with  the  remains  of  numerous  Edentates  often  of 
gigantic  size,  but  in  the  main  representing  the  existing  types. 

Thus  the  existing  Sloths  are  represented  in  the  Brazilian  jfi 
bone-caves  by  a  number  of  extinct  genera  of  Bradypodidce, 
whilst  the  Post-pliocene  sands  and  gravels  ol  the  open  country 
have  yielded  the  bones  of  various  huge  Edentates,  resembling 
the  Sloths  in  most  essential  respects,  but  adapted  for  a  terres¬ 
trial  instead  of  an  arboreal  life.  Of  these  great  “  Ground- 
sloths  ”( Gravigrada),  the  most  remarkable  are  the  Megathe¬ 
rium,  which  attained  a  length  of  eighteen  feet,  with  bones  as 
massive  as,  or  more  so  than,  those  of  the  Elephant ;  and  the 
Mylodon  and  Mega/onyx,  both  of  which  extended  their  range 
into  the  United  States.  1 1 

In  the  same  way  the  little  banded  Armadillos  ot  South 
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America  were  formerly  represented  by  gigantic  species,  con¬ 
stituting  the  genus  Glyptodon.  The  Glyptodons  (fig.  461)  dif- 


Fig.  461. — Glyptodon  clavipes.  Pleistocene  deposits  of  South  America. 


fered  from  the  living  Armadillos  in  having  no  bands  in  their 
armour,  so  that  they  must  have  been  unable  to  roll  themselves 
up.  It  is  rare  at  the  present  day  to  meet  with  any  Armadillo 
over  two  or  three  feet  in  length  ;  but  the  length  of  the  Glyp¬ 
todon  clavipes ,  from  the  tip  of  the  snout  to  the  end  of  the  tail, 
was  more  than  nine  feet.  Besides  the  bandless  Glyptodons, 
extinct  forms  of  true  Armadillos  have  been  found  in  the 
Brazilian  bone-caves,  one  of  these  ( Chlamydotherium )  being 
as  big  as  a  Rhinoceros.  In  the  same  deposits  are  also  found 
extinct  representatives  of  the  Myrmecophagidce  (viz.,  Glosso- 
therium. ) 


CHAPTER  LX VI. 


SIRENIA  AND  CETACEA. 

Order  IV.  Sirenia. — This  order  comprises  no  other  living 
animals  except  the  Dugongs  and  Manatees,  which  have  been 
often  placed  with  the  true  Cetacea  (Whales  and  Dolphins)  in 
a  common  order.  Though  resembling  the  Cetaceans  in  their 
adaptation  to  an  aquatic  mode  of  life  and  in  the  absence  of  the 
pelvic  limbs,  the  Sirenia  are,  however,  really  more  closely 
allied  to  the  Ungulates  or  Hoofed  Quadrupeds  than  they  are 
to  the  Cetaceans. 

The  Sirenia  are  large  at/uatic  Mammals ,  somewhat  fish-like 
in  form ,  the  hinder  end  of  the  body  being  developed  into  a  lwri- 
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zontal  caudal  fin  formed  by  an  expansion  of  the  integuments. 
Hind-limbs  are  wanting ,  and  the  fore-limbs  are  converted  into 
swimming-paddles  or  flippers.  The  muzzle  is  well  developed ,  and 
the  nostrils  are  placed  upon  its  upper  surface.  The  skin  is  fur¬ 


nished  with  scattered  bristles.  The  jaws  carry  enamelled  or  non- 
enamelled  molars  with  flattened  crowns ,  adapted  for  bruising 
vegetable  substances  ( horny  plates  instead  of  teeth  in  the  extinct 


Rhytina) ;  and  the  animal  is  diphyodont  or  monophyodont.  The 
mamma  are  two  in  number,  and  pectoral  in  position. 

The  Sirenians  are  vegetable-feeders,  and  were  lor  this  leason 
termed  “Herbivorous  Cetaceans”  by  F.  Cuvier.  In  the  liv¬ 
ing  species  the  jaws  carry  more  or  fewer  molar  teeth,  which 
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have  flattened  crowns,  while  the  front  of  the  upper  and  lower 
jaws  is  furnished  with  rough  horny  pads  or  plates.  In  the 
genus  Rhytina ,  now  extinct,  there  were  no  true  teeth,  but  the 
place  of  these  was  taken  by  plates  of  horn.  Incisors  are  also 
present,  but  they  do  not  cut  the  gum,  except  in  the  case  of  the 
upper  incisors  of  the  male  Dugongs. 

The  cervical  vertebras  are  more  or  less  largely  free,  and  in 
Manatus  are  only  six  in  number.  No  proper  “sacrum”  is 
present.  The  pelvis  is  rudimentary,  and  in  the  extinct  genus 
Halitherium  carried  a  rudimentary  femur.  In  the  living  forms 
no  traces  of  hind-limbs  are  present.  The  pectoral  arch  is  with¬ 
out  clavicles.  The  fore-limbs  are  shortened,  and  are  converted 
into  paddles  or  “flippers”  (fig.  464),  the  digits  being  enclosed 


Fig.  464.  — Fore-limb  and  hand  of  the  Manatee  ( Manatus  americanus). 


in  the  skin.  The  shortening  of  the  limb  is,  however,  not 
nearly  so  marked  as  in  the  Cetaceans,  and  the  digits  not  only 
never  have  more  than  three  phalanges,  but  they  may  carry 
rudimentary  nails.  The  principal  organ  of  progression  is, 
however,  the  tail-fin,  which  has  the  form  of  a  flattened  hori¬ 
zontal  expansion  of  the  skin.  There  is  no  dorsal  fin,  such 
as  is  found  in  many  Cetaceans. 

The  skin  is  thick,  but  carries  scattered  bristles,  which  are 
particularly  abundant  in  the  neighbourhood  of  the  mouth. 
The  snout  is  fleshy,  and  the  nostrils  are  borne  on  it,  the  nasal 
passages  being  inclined,  whereas  in  the  Cetaceans  the  nasal 
passages  are  vertical  and  the  nostrils  are  placed  on  the  top  of 
the  head.  The  ear  is  not  provided  with  an  external  concha. 
The  mammary  glands  are  two  in  number,  and  are  pectoral— a 


753 


MANUAL  OF  ZOOLOGY. 


fact  which,  taken  in  conjunction  with  the  habit  of  the  animal 
of  partially  raising  itself  out  of  the  water,  may  sufficiently 
account  for  the  “  mermaids  ”  of  fable.  The  testes  are  retained 
throughout  life  in  the  abdomen,  and  vesiculae  seminales  are 
present. 

The  only  existing  Sirenians  are  the  Manatees  ( Manatus ) 
and  the  Dugongs  ( Halicore ),  often  spoken  of  as  “  Sea-cows.” 
The  living  forms  are  entirely  confined  to  the  shores  of  the 
seas  of  hot  regions,  or  to  the  rivers  which  flow  into  these  seas, 
and  they  are  found  in  both  the  Old  and  New  Worlds.  The 
extinct  Rhytina,  on  the  other  hand,  was  an  inhabitant  of  the 
Arctic  Ocean. 


The  Manatees  ( Manatus ,  figs.  462,  463)  are  characterised  by  the  posses¬ 


sion  of  numerous  ^  9  t0  1 1  11  brc)ad  molars,  which  are  never  all  in 

9 — 9  11 — 11 

use  at  one  time,  while  there  are  two  small  upper  incisors,  which  do 
not  cut  the  gum.  The  tail-fin  is  oblong  or  oval  in  shape  (fig.  462),  and 
the  outer  four  digits  are  in  some  species  provided  with  nails.  They  are 
essentially  aquatic  in  their  habits,  and  feed  upon  sea-weeds  or  river-plants. 
They  are  large,  awkward  animals,  growing  to  a  length  of  ten  feet  or  more, 
and  having  a  dense,  rugose  skin,  with  long,  scattered  bristles.  Three 
living  species  of  Manatus  are  known,  of  which  one  (M.  senegalensis )  in¬ 
habits  the  west  coast  of  Africa,  and  makes  its  way  up  all  the  larger  rivers 
far  into  the  interior.  A  second  species  (M.  latirostris )  inhabits  the  Gulf 
of  Mexico  and  the  shores  of  the  Antilles.  The  third  {M.  americanus 
or  M.  inunguis )  is  found  on  the  east  coast  of  South  America,  and  inhabits 
the  Amazon  and  its  larger  tributaries. 

The  Dugongs  ( Halicore ,  fig.  465.  A)  have  or  ^  molar  teeth 

in  the  young  condition,  but  these  are  never  all  in  use  at  one  time.  The 
molars  are  without  enamel,  and  are  single-rooted.  Inferior  incisors  are 


-1 1 


Fig.  46?.— A,  Side  view  of  the  skull  of  the  Dugong  (Halicore),  showing  the  tusk-like 
upper  incisors  ;  IS,  Side  view  of  the  skull  of  Manatee  (Manatus).  (After  Cuvier.) 

present  in  the  young  animal,  but  are  wanting  in  the  adult.  The  upper 
jaw  carries  two  permanent  incisors,  which  are  entirely  concealed  in  the 
jaw  in  the  females,  but  which  increase  in  size  in  the  males  with  the  age  of 
the  animal,  till  they  become  pointed  tusks.  Both  upper  and  lower  jaws 
are  strongly  bent  down  in  front,  and  the  deflexed  portions  of  the  jaws  bear  I 
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horny  plates.  The  anterior  extremities  are  nail-less,  and  the  tail-fin  is 
crescentic  in  shape.  In  their  general  appearance  and  in  their  habits  the 
Dugongs  differ  little  from  the  Manatees,  but  they  are  more  strictly  marine 
forms. "  They  attain  a  length  of  from  eight  to  ten,  twelve,  or  more  feet, 
and  are  found  on  the  coasts  of  the  Indian  Ocean  and  its  islands,  extending 
their  range  to  the  north  coast  of  Australia.  The  bones  are  remarkable 
for  their  extreme  density,  their  texture  being  nearly  as  close  as  ivory. 

The  Manatees  and  Dugongs,  as  before  said,  are  the  only  living  Sirenia  ; 
but  besides  these  there  is  a  very  singular  form,  the  Rhytina  Stelleri, 
which  is  now  extinct,  having  been  exterminated  by  man  within  a  compar¬ 
atively  recent  period.  This  remarkable  animal  was  discovered  about  the 
middle  of  the  eighteenth  century  in  a  little  island  (Behring’s  Island)  off  the 
coast  of  Kamtchatka.  Upon  this  island  the  celebrated  voyager  Behring 
was  wrecked,  and  he  found  the  place  inhabited  by  these  enormous  ani¬ 
mals,  which  were  subsequently  described  by  M.  Steller,  who  formed  one 
of  his  party.  The  discovery,  however,  was  fatal  to  the  Rhytina ,  for  the 
last  appears  to  have  been  seen  in  the  year  1768.  The  Rhytina  was  an 
animal  of  great  size,  measuring  twenty-five  to  thirty-five  feet  in  length,  and 
twenty  feet  at  its  greatest  circumference.  There  can  hardly  be  said  to 

have  been  any  true  teeth,  but  the  jaws  contained  ^ — 1  large  lamelliform 

fibrous  structures,  which  officiated  as  teeth,  and  may  be  looked  upon  as 
molars.  These  singular  structures  are  not  teeth ,  in  the  true  sense  of  this 
term  ;  but  they  are  similar  to  the  horny  tuberculated  plates  found  in  the 
front  of  the  mouth  of  the  Dugong  and  Manatee,  and  the  upper  ones  may  be 
regarded  as  the  equivalent  of  the  anterior  palatine  pad  of  the  Ruminants 
(Murie).  The  epidermis  was  extremely  thick  and  fibrous,  and  hairs  appear 
to  have  been  wanting.  There  was  a  crescentic  tail-fin,  and  the  anterior 
limbs  were  exceedingly  short. 

As  regards  the  distribution  in  time  of  the  Sirenia,  the  oldest 
known  remains  referable  to  the  order  are  found  in  the  Eocene 
Tertiary  ( Eotherium ).  Of  the  same  age  is  probably  the  inter¬ 
esting  form  described  from  the  Tertiary  deposits  of  Jamaica 
by  Owen  under  the  name  of  Prorastomus  sirenoides.  This 
type  is  remarkable  as  possessing  upper  and  lower  canines  in 
addition  to  molar  and  incisor  teeth.  The  Miocene  and 
Pliocene  deposits  of  Europe  have  yielded  remains  of  numer¬ 
ous  Sirenians  belonging  to  various  genera,  the  best  known 
being  Halit  her  ium,  in  which  there  are  tusk-like  upper  incisors 
(as  in  Halicore ),  combined  with  enamelled  molars  (as  in 
Manatus ),  and  in  which  a  rudimentary  femur  is  attached  to 
the  pelvis.  Remains  of  Rhytina  occur  in  the  Post-pliocene  of 
Siberia. 

Order  V.  Cetacea. — This  order  includes  the  Whales,  Dol¬ 
phins,  Porpoises,  &c.,  which  are  characterised  as  being  aquatic 
fish-like  Mammals ,  with  a  thick ,  smooth ,  and  nearly  or  quite 
hairless  skin.  The  hinder  end  of  the  body  is  furnished  with  a 
horizontal  expansion  of  the  integuments ,  constituting  a  caudal  fin , 
and  there  may  be  an  integumentary  dorsal  fin  as  well.  There 
are  no  hind-limbs ,  or  merely  internal  rudiments  of  such ,  and  the 
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fore-limbs  are  converted  into  paddles  or  flippers.  The  nasal 
passages  have  a  vertical  direction ,  and  the  nostrils  (. spiracle  or 
blow-holes)  are  placed  on  the  top  of  the  head.  The  ear  has  no 
concha.  Teeth  may  be  wanting ;  and  when  present ,  are ,  in  all 
living  forms,  simple,  numerous,  of  one  kind  only,  and  one-rooted, 
the  animal  being  monophyodon t.  The  mammary  glands  are  two 
in  number,  and  are  inguinal.  The  testes  are  retained  throughout 

life  within  the  abdomen,  and  there  are  no 
vesiculce  seminales. 

The  body  in  the  Cetaceans  is  fish¬ 
like,  the  head  being  of  disproportion¬ 
ate  size,  and  not  separated  from  the 
body  by  any  distinct  constriction  or 
neck.  More  or  fewer  of  the  cervical 
vertebrae  are  anchylosed  with  one  an¬ 
other.  There  is  no  distinct  “sacrum”; 
but  a  rudimentary  pelvis  is  present. 
In  the  Toothless  Whales  there  is  often 
a  rudimentary  femur,  and  sometimes 
(. Balccna  mysticetus)  a  cartilaginous  tibia 
as  well.  In  the  Toothed  Cetaceans 
even  these  rudiments  of  hind-limbs 
appear  to  be  wanting. 

The  pectoral  arch  is  without  a  clav¬ 
icle,  and  the  sternum  is  broad  and  flat. 
The  fore-limbs  are  converted  into  pad¬ 
dles  or  “flippers”;  the  humerus  being 
much  reduced  in  length  (fig.  466),  as 
also  are  the  radius  and  ulna,  which  are 
firmly  joined  together.  The  digits  are 
all  completely  enclosed  in  a  tendinous 
skin,  the  hand  being  thus  reduced  to 
a  nailless  oar-like  fin,  while  in  some  of 
the  digits  the  number  of  phalanges  is 
always  increased  (fig.  466). 

The  skull  is  more  or  less  elongated, 
often  unsymmetrically  developed,  and 
having  the  maxillae  and  praemaxillce 
more  or  less  produced.  T  he  nasal 
passages  are  vertical,  and  are  not  cov¬ 
ered  by  the  much  reduced  nasal  bones. 
Teeth  may  or  may  not  be  present,  and  when  present  are 
always  simple  (in  living  forms)  and  are  usually  numerous. 

The  skin  is  thick,  and  is  underlaid  by  a  thick  stratum  of 
subcutaneous  fat  (blubber).  In  the  adult  the  skin  is  usually 


Fig.  466. —  Hand  of 
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totally  hairless,  but  in  some  cases  a  very  limited  number  of 
scattered  hairs  may  be  present  on  the  lips.*  The  caudal  fin 
is  a  great  tendinous  expansion  of  the  integuments  posteriorly, 
and  in  many  cases  the  skin  of  the  back  is  likewise  raised  into 
a  dorsal  fin. 

The  eyes  are  very  small  and  without  eyelashes.  The  ear 
has  no  concha,  and  the  external  meatus  is  exceedingly  small. 
Owing  to  the  vertical  position  of  the  nasal  passages,  the 
nostrils  come  to  be  placed  on  the  top  of  the  head,  and  con¬ 
stitute  a  single  or  double  “blow-hole”  or  “spiracle.”  The 
animal  can  thus  obtain  air  on  rising  to  the  surface,  without 
exposing  more  than  the  upper  portion  of  the  head.  The 
epiglottis  and  laryngeal  cartilages  are  united  to  form  a  tube, 
which  is  prolonged  upwards  behind  the  soft  palate,  so  as  to 
come  into  apposition  with  the  posterior  nares,  thus  allowing 
the  animal  to  swallow  under  water  without  choking.  There 
are  also  great  networks  of  blood-vessels  (retia  mirabilia)  along 
the  under  surface  of  the  spine  and  base  of  the  skull,  which 
have  been  supposed  to  store  up  blood  during  submersion. 
On  rising  to  the  surface  to  breathe,  the  animal  expels  from 
its  lungs  the  air  which  had  been  contained  in  these  organs, 
and  which  is  thus  charged  with  watery  vapour.  By  the  con¬ 
densation  of  this  vapour,  the  expired  air  acquires  the  appear¬ 
ance  of  a  column  of  water ;  a  certain  amount  of  actual  water 
being  perhaps  carried  up  along  with  the  jet  of  expelled  air, 
or  driven  out  of  the  cavity  of  the  nose  along  with  the  air. 
It  is  this  phenomenon  which  is  generally  spoken  of  as  the 
“blowing”  or  “spouting”  of  a  Cetacean.  The  Cetaceans 
inhabit  the  sea,  or  rarely  fresh  waters,  and  are  all  carnivorous. 
They  have  a  very  wide  distribution,  and  may  be  divided  into 
the  six  families  of  the  Balcenidce  or  Whalebone  Whales,  the 
Delphinidce  or  Dolphins  and  Porpoises,  the  Squalodontidce ,  the 
Catodontidie  or  Sperm  Whales,  the  Rhynchoceti  or  Ziphioid 
Whales,  and  the  Zeuglodontidce.  Of  these  the  Balcenidce  are 
often  spoken  of  as  the  “  toothless  ”  Whales,  whilst  the  other 
five  families  are  called  the  “  toothed”  Whales  ( Odontoceti ). 

Fam.  1.  Bahcnidce. — The  Balcenidce ,  or  Toothless  Whales, 
are  characterised  by  the  total  absence  of  teeth  in  the  adult 
(fig.  467).  Teeth  are,  however,  present  in  the  fuital  Whale, 
but  they  never  cut  the  gum.  The  place  of  teeth  is  supplied 
by  a  number  of  plates  of  whalebone  or  “  baleen  ”  attached  to 
the  palate ;  hence  the  name  of  “  whalebone  whales  ”  often 

*  Thus  it  has  been  shown  by  Professor  Struthers  that  the  lips  of  Megap- 
tera  possess  a  few  scattered  hairs,  and  these  appendages  have  been  recog¬ 
nised  by  the  same  observer  in  the  case  of  others  of  the  Pinner  Whales. 


762 


MANUAL  OF  ZOOLOGY. 


given  to  this  family.  They  are  the  largest  of  living  animals, 
and  may  be  divided  into  the  two  sections  of  the  Smooth 
Whales,  in  which  the  skin  is  smooth  and  there  is  no  dorsal 
fin  (as  in  the  Greenland  Whale),  and  the  Furrowed  Whales, 
in  which  the  skin  is  furrowed  and  a  dorsal  fin  is  present  (as 
in  the  so-called  Finner  Whales  and  Hump-backed  'Whales). 


Fig.  467. — Skull  of  the  Right  Whale  ( Baliena  mysticetus.)  (After  Owen.) 


The  Greenland  or  “Right”  Whale  ( Balcena  mysticetus)  will  illustrate 
almost  all  the  leading  points  of  interest  in  the  family.  the  Greenland 
Whale  is  the  animal  which  is  sought  after  in  the  whale-fishery  of  Europe, 
and  hence  the  name  of  “Right”  Whale  often  applied  to  it.  It  is  an 
inhabitant  of  the  Arctic  seas,  and  reaches  a  length  of  from  forty  to  sixty 
feet.  Of  this  enormous  length,  nearly  one-third  is  made  up  of  the  head, 
so  that  the  eye  looks  as  if  it  were  placed  nearly  in  the  middle  of  the  body. 
The  skin  is  completely  smooth,  and  is  destitute  of  hairs  in  the  adult.  The 
fore-limbs  are  converted  into  “flippers”  or  swimming-paddles,  but  the 
main  organ  of  progression  is  the  tail,  which  often  measures  from  twenty 
to  twenty-five  feet  in  breadth.  1  he  mouth  is  of  enormous  size,  the  upper 
jaw  much  narrower  than  the  lower,  and  both  completely  destitute  of  teeth. 
Along  the  middle  of  the  palate  runs  a  strong  keel,  bordered  by  two  lateral 
depressions,  one  on  each  side.  Arranged  transversely  in  these  lateral 
depressions  are  an  enormous  number  of  horny  plates,  constituting  what  is 
known  as  the  “baleen”  plates,  from  which  the  whalebone  of  commerce 
is  derived.  The  arrangement  of  the  plates  of  baleen  is  as  follows  (fig. 
46S)  :  Each  plate  is  triangular  in  shape,  the  shortest  side  or  base  being 
deeply  sunk  in  the  palate.  The  outer  edge  of  the  plate  is  nearly  straight, 
and  is  quite  unbroken.  The  inner  edge  is  slightly  concave,  and  is  fur¬ 
nished  with  a  close  fringe  formed  of  detached  fibres  of  whalebone,  P  or 
simplicity’s  sake  each  baleen-plate  has  been  regarded  here  as  a  single  plate, 
but  in  reality  each  plate  is  composed  of  several  pieces,  of  which  the  outer¬ 
most  is  by  far  the  largest,  whilst  the  others  gradually  decrease  in  size 
towards  the  middle  line  of  the  palate.  The  large  marginal  plates  are  from 
eight  to  ten  or  more  feet  in  length,  and  there  may  be  over  one  hundred  on 
each  side  of  the  mouth. 

The  object  of  the  whole  series  of  baleen-plates  with  which  the  palate  is 
furnished,  is  as  follows  :  The  Whale  is  a  strictly  carnivorous  animal,  but 
owing  to  the  absence  of  teeth  and  the  comparatively  small  calibre  ot 
the  oesophagus,  it  necessarily  lives  upon  very  diminutive  animals.  1  lie 
Whale,  in  fact,  lives  mostly  upon  the  shoals  of  small  Pteropodous  Molluscs, 
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Crustacea,  Ctenophora ,  and  Medusa,  which  swarm  in  lire  Arctic  seas.  To 
obtain  these,  the  whale  swims  with  the  mouth  opened,  and  thus  fills  the 
mouth  with  an  enormous  mass  of  water.  The  baleen -plates  have  the 
obvious  function  of  a  “screening  apparatus.”  The  water  is  strained 
through  the  numerous  plates  of  baleen,  and  all  the  minute  animals  which 


tig.  468. — Diagram  of  the  baleen-plates  of  a  Whale,  a  a  Section  of  the  palatal  surface 
of  the  upper  jaw,  showing  the  strong  median  ridge  or  keel ;  b  b  Baleen-plates  sunk  at 
their  bases  in  the  palate  ;  ff  Fibrous  margin  of  baleen-plates. 

it  contains  are  arrested  and  collected  together  by  the  inner  fibrous  edges 
of  the  baleen-plates.  When,  by  a  repetition  of  this  process,  the  Whale 
has  accumulated  a  sufficient  quantity  of  food  within  the  central  cavity  of 
the  mouth,  it  is  enabled  to  swallow  it  without  taking  in  the  water  at  the 
same  time. 

The  skin  in  the  Right  Whale  is  perfectly  smooth  and  naked,  but  it  is 
underlaid  by  a  thick  layer  of  subcutaneous  fat,  which  varies  from  eight  to 
fifteen  inches  in  thickness,  and  is  known  as  the  “blubber.”  The  blubber 
serves  partly  to  give  buoyancy  to  the  body,  but  more  especially  to  protect 
the  animal  against  the  extreme  cold  of  the  medium  in  which  it  lives.  It  is 
the  blubber  which  is  chiefly  the  object  of  the  whale-fishery,  as  it  yields  the 
whale-oil  of  commerce. 

The  whale  which  is  captured  in  the  South  Atlantic  is  not  the  same 
species  as  the  Greenland  Whale,  and  is  termed  the  Bahcua  australis.  It 
is  much  about  the  size  of  the  Right  Whale,  averaging  about  fifty  feet,  but 
the  head  is  proportionately  smaller.  Another  Atlantic  species  is  the  B. 
biscayensis.  In  the  South  Pacific  occurs  Balceua  antipodarum,  and  in  the 
North  Pacific  we  meet  with  the  B.  japonica  along  with  the  B.  mysticetus 
or  Right  Whale  of  the  North  Atlantic  (Van  Beneclen). 

I  he  only  remaining  members  of  the  Balccnidce  which  require  notice  are 
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the  Rorquals  and  Hump-backed  Whales,  constituting  the  group  of  the 
“  Furrowed”  Whales.  These  are  collectively  distinguished  by  having  the 
skin  furrowed  or  plaited  to  a  greater  or  less  extent,  whilst  the  baleen-plates 
are  short,  and  there  is  a  dorsal  fin.  The  specific  determination  of  these 
animals  is  a  matter  of  great  difficulty,  but  there  would  appear  to  be  prob¬ 
ably  three  well-marked  genera  :  I.  The  genus  Megaptera,  including  the 
so-called  Hump-backed  Whales,  in  which  the  flippers  are  of  great  length, 
from  one-third  to  one-fifth  of  the  entire  length  of  the  body.  2.  The  genus 
Balanoptera,  comprising  the  so-called  Rorquals  or  Piked  Whales,  in  which 
the  flippers  are  of  moderate  size.  3.  The  Finner  Whales  proper  ( Physalus ). 

In  all  these  genera  there  is  a  dorsal  adipose  fin,  so  that  they  are  all 
“Finner  Whales.”  The  Balcenoptenz  reach  a  gigantic  size,  being  some¬ 
times  as  much  as  eighty  or  one  hundred  feet  in  length.  They  are  very 
active  animals,  however,  and  their  whalebone  is  comparatively  valueless, 
so  that  the  whalers  rarely  meddle  with  them,  though  they  are  not  uncom¬ 
mon,  and  are  often  driven  ashore  on  our  own  coasts. 

Fam.  2.  Catodontidce. — The  family  of  the  Catodontidce  or 
Physeteridce  comprises  the  Sperm  Whales  or  Cachalots,  with 
which  we  commence  the  series  of  toothed  Whales  ( Odontoceii ). 
They  are  characterised  by  the  fact  that  the  palate  is  destitute 
of  baleen-plates,  and  the  lower  jaw  possesses  a  series  (from 
forty  to  fifty  or  more)  of  pointed  conical  teeth,  separated  by 
intervals,  and  sunk  in  a  common  alveolar  groove,  which  is 
only  imperfectly  divided  by  septa.  The  upper  jaw  is  also  in 
reality  furnished  with  teeth,  but  these  do  not  cut  the  gum. 

The  best-known  species  of  this  family  is  the  great  Cachalot  or  Sper¬ 
maceti  Whale  ( Phvseter  macrocephalus,  fig.  469).  This  animal  is  of  enor- 


Fig.  469. — Spermaceti  Whale  {Physcter  macrocephalus). 


mous  size,  averaging  from  fifty  to  seventy  feet  in  length,  but  the  females 
are  a  good  deal  smaller  than  the  males.  The  head  is  disproportion¬ 
ately  large,  as  in  the  Balicnidic,  forming  more  than  one-third  of  the  entire 
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length  of  the  body.  The  snout  forms  a  broad  truncated  muzzle,  and  the 
nostrils  are  placed  near  the  front  margin  of  this.  The  Sperm  Whales 
live  together  in  troops  or  “  schools,”  and  they  are  found  in  various  seas, 
especially  within  the  tropics.  They  are  largely  sought  after,  chiefly  for 
the  substance  known  as  “spermaceti  but  besides  this  they  yield  oil  and 
the  singular  body  called  “ambergris.”  The  spermaceti  is  a  fatty  sub¬ 
stance,  which  has  the  power  of  concreting  when  exposed  to  the  air,  being 
in  life  a  clear  white  oily  liquid.  It  is  not  only  diffused  through  the  entire 
blubber,  but  is  also  contained  in  special  cavities  of  the  head.  The  sperm - 
oil  yielded  by  the  blubber  is  exceedingly  pure,  and  is  free  from  the  un¬ 
pleasant  odour  of  ordinary  whale-oil.  The  ambergris  is  a  peculiar  sub¬ 
stance  which  is  found  in  masses  in  the  intestine,  and  is  probably  of  the 
nature  of  a  biliary  calculus,  since  it  is  said  to  be  composed  of  a  substance 
very  nearly  allied  to  cholesterine.  It  is  used  both  as  a  perfume  itself,  and 
to  mix  with  other  perfumes. 

Fam.  3.  Delphinida. — This  family  includes  the  Dolphins, 
Porpoises,  and  Narwhal,  and  is  characterised  by  usually  pos¬ 
sessing  teeth  in  both  jaws  :  the  teeth  being  numerous,  and 
conical  in  shape  (fig.  470).  The  nostrils,  as  in  the  last  family, 


Fig.  470. — Side  view  of  the  skull  of  Delphinus  tursio .  (After  Cuvier.) 


are  united,  but  they  are  placed  further  back,  upon  the  top  of 
the  head.  The  single  blow-hole  or  nostril  is  transverse  and 
mostly  crescentic  or  lunate  in  shape.  The  head  is  by  no 
means  so  disproportionately  large  as  in  the  former  families, 
usually  forming  about  one-seventh  of  the  entire  length  of  the 
body. 

The  most  noticeable  members  of  this  family  are  the  true 
Dolphins,  the  Porpoises,  and  the  Narwhal. 

The  Dolphins  have  an  elongated  snout,  separated  from  the  head  by  a 
transverse  depression.  The  common  Dolphin  {Delphinus  delphis,  fig.  471) 
is  the  best-known  species.  It  averages  from  six  to  eight  feet  in  length, 
and  has  a  habit  of  swimming  in  flocks,  often  accompanying  ships  for  many 
miles.  '1  he  female,  like  most  of  the  Cetacea,  is  uniparous.  The  Dolphin 
occurs  commonly  in  all  European  seas,  and  is  especially  abundant  in  the 
Mediterranean. 

The  common  Porpoise  ( Phocana  communis )  is  the  commonest  and 
smallest  of  all  the  Cetacea ,  rarely  exceeding  four  feet  in  length.  The  head 
is  blunt,  and  is  not  produced  into  a  projecting  muzzle.  The  Porpoise 
frequents  the  Atlantic,  Pacific,  Mediterranean,  and  Arctic  Oceans,  and  the 
North  Sea,  and  is  commonly  seen  off  our  coasts.  Another  British  species  is 
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the  Grampus  {Orca  gladiator),  but  this  is  much  larger,  attaining  a  length 
of  from  eighteen  to  twenty  feet.  Nearly  allied  to  the  Grampus  is  the  so- 
called  “Caing”  Whale,  or,  as  it  is  sometimes  termed,  the  Bottle-nosed 
Whale  ( Globicephalus  mclas  or  Phoctzna  globiceps).  This  species  occurs  not 


Fig.  471. — The  Common  Dolphin  ( Delphinus  delpkis). 


uncommonly  round  the  Orkney  and  Shetland  Islands,  and  attains  a  length 
of  as  much  as  twenty-four  feet.  It  is  gregarious  in  its  habits,  and  is  often 
killed  for  the  sake  of  its  oil. 

Closely  allied  to  the  true  Dolphins  are  some  curious  Cetaceans,  belonging 
to  three  genera,  and  all  inhabiting  fresh  waters.  One  of  these  is  the  Gan- 
getic  Dolphin  (Platanista  gangetica),  which  inhabits  the  Ganges,  especially 
near  its  mouth.  This  singular  animal  is  characterised  by  the  great  length 
of  its  slender  muzzle,  and  by  the  small  size  of  the  eyes.  It  attains  the 
length  of  seven  feet,  and  the  blow-hole  is  a  longitudinal  fissure,  and  there¬ 
fore  quite  unlike  that  of  the  typical  Delphinida.  Closely  allied  to  this,  or 
identical  with  it,  is  the  Platanista  indi  of  the  Indus.  Another  fresh-water 
form  is  the  luia  boliviensis,  which  inhabits  the  rivers  of  Bolivia,  and  is 
found  at  a  distance  of  more  than  two  thousand  miles  from  the  sea.  Lastly, 
the  Pontoporia  Blainvillii  is  a  small  Dolphin  which  inhabits  the  mouths 
of  the  rivers  of  the  Argentine  Republic  and  of  Patagonia,  and  also  fre¬ 
quents  the  sea. 

The  last  of  the  Delphinida  is  the  extraordinary  Narwhal  or  Sea-unicorn 
( Monodon  monoceros).  The  Narwhal  is  an  inhabitant  of  the  Arctic  seas, 
and  attains  a  length  of  as  much  as  fifteen  feet,  counting  in  the  body  alone. 
The  dentition,  however,  is  what  constitutes  the  great  peculiarity  of  the 
Narwhal.  The  lower  jaw  is  altogether  destitute  of  teeth,  and  the  upper 
jaw  in  the  females  also  exhibits  no  teeth  externally,  as  a  general  rule  at  any 
rate,  though  there  are  two  rudimentary  canines  which  do  not  cut  the  gum. 
In  the  males  the  lower  jaw  is  likewise  edentulous,  but  the  upper  jaw  is 
furnished  with  two  molar  teeth  concealed  in  the  gum,  and  with  two  canines. 
Of  these  two  upper  canines,  that  of  the  right  side  is  generally  rudimentary, 
and  is  concealed  from  view.  The  left  upper  canine,  on  the  other  hand, 
is  developed  from  a  permanent  pulp,  and  grows  to  an  enormous  size,  con¬ 
tinuing  to  increase  in  length  throughout  the  life  of  the  animal.  It  forms 
a  tusk  of  from  eight  to  ten  feet  in  length,  and  it  has  its  entire  surface 
spirally  twisted.  As  an  abnormality,  both  the  upper  canines  may  be 
developed  in  this  way  so  as  to  form  projecting  tusks  ;  and  it  is  stated 
that  the  tusk  is  occasionally  present  in  the  female.  The  function  of  this 
extraordinary  tooth  is  doubtless  offensive. 

Fa///.  4.  Squalodontidce. — In  the  neighbourhood  of  the  pre¬ 
ceding  family  may  be  placed  the  extinct  genus  Squalodon ,  in 


CETACEA. 


767 


which  the  jaws  are  furnished  with  two  kinds  of  teeth,  the 
anterior  teeth  being  conical,  while  the  posterior  teeth  have 
serrated  crowns,  and  are  often  two-rooted,  though  in  other 
cases  one-rooted.  Though  resembling  the  extinct  family  of 
the  Zeuglodonts  in  their  dentition,  the  Squalodonts  approach 
the  Dolphins  in  the  structure  of  the  skull.  The  species 
of  Squalodon  are  confined  to  the  Miocene  and  Pliocene 
Tertiary. 

Fam.  5.  Rhync/ioceti. — This  family  is  allied  to  the  Cachalots 
or  Sperm  Whales,  and  includes  the  so-called  “Ziphioid  Whales.” 
They  are  distinguished  by  the  possession  of  a  pointed  snout 
(the  “beak”  or  “rostrum”),  single  blow-hole,  and  small  dorsal 
fin,  and  by  their  dentition.  The  upper  jaw  is  greatly  extended 
and  is  edentulous,  any  teeth  which  may  be  present  not  cutting 
the  gum.  The  lower  jaw,  on  the  other  hand,  possesses  usually  a 
single  pair  of  teeth,  sometimes  two  pairs,  which  are  sometimes 
tusk-like,  but  which  in  other  cases  are  concealed  by  the  gum, 
and  are  always  most  conspicuous  in  the  males. 

The  rostrum  of  these  Cetaceans  is  of  great  density,  and  has  often  been 
preserved  in  a  fossil  state,  usually  presenting  itself  as  a  bony  cylinder  or 
elongated  cone,  generally  more  or  less  water-worn.  The  most  important 
living  genera  are  Hyperolidon  and  Ziphius,  of  which  the  former  is  found 
in  the  North  Atlantic,  and  the  latter  in  the  Mediterranean  and  South  At¬ 
lantic.  The  genera  Berardius  and  Mesoplodcn  belong  to  the  New  Zealand 
province,  species  of  the  latter  having  been  also  obtained  at  the  Cape  of 
Good  Hope  and  on  the  coasts  of  Britain  and  France. 


Fig.  472  — A,  Restoration  of  the  skull  of  Zeuglodon.  B,  Tooth  of 
the  same.  (After  Gautlry.) 

Fam.  6.  Zeuglodontidic. — The  members  of  this 
family  differ  from  all  existing  Odontoceti  in  the 
possession  of  molar  teeth  implanted  by  two 
distinct  fangs.  Incisor  teeth  are  likewise  pres¬ 
ent,  and  the  animal  is  diphyodont.  The  Zeu¬ 
glodonts  are  entirely  extinct,  and  they  are  ex¬ 
clusively  confined  to  the  Eocene,  Miocene,  and  Pliocene 
periods. 
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The  only  genus  included  in  this  family  (if  the  Squalodonts  be  regarded 
as  forming  a  separate  family)  is  Zeuglodon  itself,  characterised  by  the  elon¬ 
gated  snout,  conical  incisors,  and  molar  teeth  with  triangular  serrated 
crowns,  implanted  in  the  jaw  bv  two  roots.  Each  molar  looks  as  if  it  were 
composed  of  two  separate  teeth  united  on  one  side  by  their  crowns ;  and 
it  is  this  peculiarity  which  is  expressed  by  the  generic  name.  The  species 
of  Zeuglodon  are  found  in  the  Eocene  and  Miocene. 

As  regards  the  distribution  in  time  of  the  Cetacea,  no  mem¬ 
ber  of  the  order  is  as  yet  known  with  certainty  to  have  existed 
during  the  Secondary  period.  The  Zeuglodonts  are  confined 
to  the  Eocene  and  Miocene  Tertiary,  and  the  Squalodonts  are 
found  in  Miocene  and  Pliocene  deposits.  The  Whalebone 
Whales  (Balcenidie)  are  represented  in  rocks  as  old  as  the 
Eocene.  The  Ziphioid  Whales  begin  in  the  Pliocene,  as  do 
the  Catodontidce  ;  but  the  Delphinidce  are  known  to  occur  in 
the  Miocene  Tertiary. 


CHAPTER  LX  VIE 
UNGULATA. 

Order  VI.  Ungulata.  —  The  order  of  the  Ungulata,  or 
Hoofed  Quadrupeds,  is  one  of  the  largest  and  most  important 
of  all  the  divisions  of  the  Mammalia.  It  corresponds  with  the 
two  orders  of  the  Pachydermata  and  the  Ruminantia  in  the 
Cuvierian  classification  ;  the  former  of  these  comprising  a 
number  of  thick-skinned  and  scantily-haired  Ungulates,  such 
as  the  Elephants,  Rhinoceroses,  Pigs,  Hippopotamus,  &c., 
while  the  latter  included  the  Oxen,  Sheep,  Deer,  Camels,  and 
such  other  Ungulates  as  chew  the  cud  or  “ruminate.”  With 
the  exception  of  the  Elephants,  which  are  now  placed  in  the 
separate  order  of  the  Proboscidea ,  the  two  old  orders  above 
mentioned  are  now  grouped  together  into  the  single  order  ot 
the  Ungulata,  or  Hoofed  Quadrupeds,  and  the  following  are 
the  characters  of  the  order  : — 

All  the  four  limbs  are  present,  and  that  portion  of  the  toe  which 
touches  the  ground  is  always  encased  in  a  greatly-expanded  nail, 
constituting  a  11  hoof”  Only  in  a  few  extinct  forms  ( the  Cory- 
phodontidic)  are  there  more  than  four  full-sized  toes  to  each  limb, 
fit  all  living  forms  the  pol/ex  and  hallux  at  least  are  u'anting. 
Onnng  to  the  encasement  of  the  toes  in  hoofs,  the  limbs  are  useless 
for  prehension,  and  only  subserve  locomotion  ;  hence  clavicles  are 
ahvays  wanting  in  the  entire  order.  1  here  are  always  two  sets 
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of  enamelled  teeth,  so  that  the  animal  is  diphyodont.  The  molar 
teeth  are  massive,  and  have  broad  crowns  adapted  for  grinding 
vegetable  substances. 

In  accordance  with  the  number  of  the  digits  (fig.  473),  the 


S'.,473.'TFrt  r  UnZ"hT;  .  A-  Fore-foot  of  Tapir  (Tapirus  malayauns)  ;  B,  Perisso- 
dactyle  fore-foot  of  Rhinoceros  sumat, rmls  ;  C,  Articdactyle  foot  of  Pig  (S  °ts 

(Art^r  Flower  f Ur6S  '  Wh'Ch  °f  the  n°rmaI  five  digits  are  Present  in  foot 


order  Ungulata  is  divided  into  two  primary  sections  •  The 
Perissodadyla,  in  which  the  toes  or  hoofs  are  odd  in  number 
(one  01  three,  or,  in  the  extinct  Coryphodontidce,  five),  and  the 
At  tiodactyla,  in  which  the  toes  are  even  in  number  (two  or 
four).  v 

Perissodactyle  Ungulates. 

Section  A.  Perissodactyla. — The  section  of  the  Peris¬ 
sodactyle  Ungulates  includes  the  Rhinoceros,  the  Tapirs,  the 
Horse  and  its  allies,  and  some  extinct  forms,  all  agreeing  in 
the  following  characters  : — 

The  hind  feet  are  odd-toed  in  all  (fig.  473,  B),  and  the  forefeet 
m  all  except  the  Tapirs  and  Brontotheridce,  the  third  toe  beiiy 
the  principal  digit  and  being  symmetrical  in  itself.  The  dorso- 
lumbat  vertebrec  are  never  less  than  twenty  two  in  number.  The 
femur  has  a  third  trochanter.  The  horns,  if  present ,  are  not 
paired  ( except  m  the  extinct  genus  Diceratherium ,  and  in  the 
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family  of  the  Brontotheridce ).  Usually  there  is  only  one  horn , 
but  if  there  arc  two,  these  are  placed  in  the  middle  line  of  the 
head ,  one  behind  the  other  { fig.  477).  bn  neither  case  are  the 
horns  ever  supported  by  bony  horn-cores.  The  stomach  is  simple 
and  not  divided  into  several  compartments  ;  and  there  is  a  large 
and  capacious  caecum. 

The  three  existing  groups  of  Perissodactyle  Ungulates — 

namely,  the  Horses,  Tapirs, 
and  Rhinoceroses — are  widely 
removed  from  one  another  in 
many  important  characters  ; 
but  the  intervals  between 
them  are  largely  filled  up  by 
an  extensive  series  of  fossil 
forms,  commencing  in  the  I 
Lower  Tertiary  strata. 

The  section  of  the  Perisso¬ 
dactyle  Ungulates  includes  the 
following  seven  families  : — 

Fam  1.  Coryphodontidce. — 
This  family  comprises  only  a  | 
number  of  extinct  Tapir-like 
animals,  belonging  to  the  Eo-  (j 
cene  period.  The  skull  is  of  the  Perissodactyle  type,  horn¬ 
less,  with  small  nasal  bones.  The  brain  is  remarkably  small, 
and  the  dentition  is  complete,  the  dental  formula  being — 

/3-3.  c'~\.  p,„  4-4.  „  3-3  =  4+ 

3—3  I  —  I  4—4  3—3 

The  canines  are  not  excessively  developed,  and  the  molars  are 
of  the  Tapiroid  type,  having  two  transverse  crests  or  ridges. 
The  limbs  are  short,  and  both  the  fore-feet  (fig.  474)  ar*d  the 
hind-feet  are  furnished  with  five  complete  toes,  all  oi  which 
carried  hoofs.  The  genus  Coryphodon  is  the  principal  or  only 
one  comprised  in  the  family ;  and  as  it  contains  the  only 
Ungulates  with  the  complete  number  of  five  digits  on  each 
foot,  it  might  with  propriety  be  raised  to  the  rank  ot  a  distinct 
section,  equal  with  the  sections  of  the  Perissodactyla  and 
Artiodactyla,  to  which  the  name  of  Te/eodactyla  might  be 
applied. 

Fam.  2.  Rhinocerotidie. —This  family  comprises  only  a  single 
living  genus,  the  genus  Rhinoceros,  unless,  indeed,  the  little 
llyrax  is  to  be  retained  in  this  order.  The  Rhinoceroses  are 
extremely  large  and  bulky  brutes,  having  a  very  thick  skin, 
which  is  usually  thrown  into  deep  folds.  The  feet  (fig- 


iii 

Fig.  474.  -Fore-foot  of  Coryphodon.  (After 
Marsh.)  Eocene  Tertiary. 
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473,  B)  carry  three  toes  each,  the  first  and  fifth  digits  beim- 
absent,  and  all  the  toes  being  hoofed,  while  a  great  palmar 
and  plantar  pad  is  developed  behind  the  hoofs.  The  typical 
dental  formula  is —  .  J 


■  i  —  i 
/ 

i  —  i 


pm  4  4 ;  w  3  3  =  32  or  28. 

4-4  3—3 


1  here  are  no  canines ;  and  the  incisors  are  often  wanting  in 
the  adult  (as  in  the  living  two-horned  species),  or  may  be 
increased  in  number  (as  in  the  extinct  Aceratherium ).  The 
crowns  of  the  pnemolars  and  molars  (fig.  475)  exhibit  two 
principal  tracts  of  dentine,  not  filled  up  by  cement. 


pm4  1,,x 


in* 


F'g.  475*  Teeth  of  the  upper  jaw -of  Rhinoceros  indies  (after  Cuvier).  ,n\  „fi  Molar 
Pml%  P*n*  Praemolars  ;  i  Incisor. 


1  lie  skull  (fig.  476,  B)  is  pyramidal,  and  the  nasal  bones  are 
generally  enormously  developed.  The  nasal  bones  usually 
support  one  or  two  horns,  which  are  not  paired  in  any  living 
torm.  1  he  horn  is  composed  of  longitudinal  fibres,  which  are 
aSS  utinated  together,  and  are  of  the  nature  of  epidermic 
growths,  somewhat  analogous  to  hairs.  When  two  horns  are 
present,  the  hinder  one  is  carried  by  the  frontal  bones,  and  is 
placed  in  the  middle  line  of  the  head  behind  the  anterior  horn. 
Ihe  posterior  horn  is  usually  much  shorter  than  the  anterior 
one;  and  if  not,  it  differs  in  shape. 


The  development  of  the  nasal  bones  in  the  Rhinoceroses  varies  greatly 

•Vlth,  •h,e  ','aryiny  condition  °r  the  horns.  In  the  extinct 
4  1  !L'“.n"'  1,1  which  there  are  no  horns,  the  nasal  bones  are  greatly  re- 

luced  m  size.  In  the  horned  forms,  on  tlie  other  hand,  not  only  are  the 
nasal  bones  prolonged  forwards  over  the  nasal  cavity;  but  the  septum 
nanun,  may  be  partially  or  completely  ossified,  thus  strengthening  the 
basement  of  the  anterior  horn  in  the  bicorn  species.  k 

foliate  of  treesCel0Tlt llVe  Places>  and  sul»isl  chiefly  on  the 

■  g  trees.  I  hey  are  exclusively  confined  at  the  present  day  to  the 
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warmer  parts  of  the  Old  World  ;  but  several'  extinct  species  formerly 
ranged  over  the  greater  part  of  Europe. 

The  only  existing  one-horned  Rhinoceroses  are  Loth  found  in  the 
Oriental  province.  One  of  these  is  the  common  Indian  Rhinoceros  (A’. 


Fig.  476. — A,  Side  view  of  the  skull  of  Tapirus  amcricanns;  B, 
skull  of  Rhinoceros  bicomis.  (After  Giebel.) 


Side  view 


of  the 


unicornis  or  indicns),  which  was  probably  the  “  Unicorn  of  the  ancients. 
The  other  is  the  Tavan  Rhinoceros  (A1,  sondaicus),  which  inhabits  the 
Malay  peninsula,  Java,  Sumatra,  and  Borneo.  Two  species  of  bicorn 
Rhinoceroses  are  Asiatic,  the  best  known  being  the  Sumatran  Rhinoceros 
(R.  sumatrensis),  which  inhabits  the  Malay  peninsula  and  Sumatra,  and 
is  remarkable  for  the  comparative  absence  of  cutaneous  folds.  All  the 
African  Rhinoceroses,  of  which  there  are  four  or  five  species,  are  two¬ 
horned.  The  best-known  species  are  the  White  Rhinoceros  (A’,  smuts), 
the  Black  Rhinoceros  (R.  bicomis),  and  the  Keitloa  (A’,  kettloa). 

As  regards  their  geological  distribution,  the  earliest  types  of  the  Rhinoccro- 
tidtc  seem  to  have  been  hornless,  and  appear  in  the  Eocene  Tertiary  of 
North  America  ( Amynodon ),  and  in  the  Miocene  Tertiary  of  Europe  Lb-<r- 
atherium).  The  genus  Rhinoceros  itself  appears  in  the  Miocene,  and  is 
represented  by  numerous  types  in  the  later  Tertiary  deposits.  One  of  the 
most  remarkable  of  these  is  the  Woolly  Rhinoceros  (A',  tichorhinus),  which 
was  bicorn,  and  possessed  the  exceptional  feature  of  a  complete  covering 
„f  long  hair  over  the  body.  One  of  the  most  abnormal  of  the  extinct 
Rhinoceroses  is  the  Diceratherium,  described  by  Professor  Marsh  from  the 
Miocene  deposits  of  Oregon,  in  which  there  are  two  horns  placed  Hans- 
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versely  and  symmetrically  upon  the  nasal  bones.  This  singular  form 
further  differs  from  the  typical  Rhinoceroses  in  having  four  toes  to  the  fore¬ 
feet,  whilst  the  hind-feet  have  only  three. 


Fig.  477. — Head  of  the  Black  Rhinoceros  (A\  bicornis ). 


Fain.  3.  Tapiridce. — The  Tapirs  are  characterised  by  the 
possession  of  a  short  movable  proboscis  or  trunk.  The  skull 
(fig.  476,  A)  is  pyramidal,  like  that  of  the  pigs,  and  the  nasal 
bones  project  over  the  nasal  cavity.  The  skin  is  hairy  and 
very  thick.  The  tail  is  extremely  short.  The  fore-feet  (fig. 
478,  A)  have  four  toes  each,  but  these  are  unsymmetrical  (the 
little  toe  being  smaller  than  the  rest  and  not  touching  the 
ground),  and  the  hind-feet  have  only  three  toes,  all  encased  in 
hoofs  (fig.  478,  B).  The  dental  formula  of  the  Tapirs  is — 

1  — -  ;  c  -  ;  pm  ^  \  m  0  J  =42. 

■J _ T _ T  -> _ 'y  "7 _  "> 

J  J  1  J  J  J  J  J 

The  canines  are  of  comparatively  small  size,  and  do  not 
form  projecting  tusks ;  and  the  molars  and  praemolars  are  of 
the  “  bilophodont  ”  type,  the  crown  of  each  showing  two  trans¬ 
verse  or  oblique  ridges  separated  by  shallow  valleys. 

Several  species  of  Tapirs  are  known,  of  which  the  most  familiar  is  the 
American  Tapir  (71  americanus),  which  inhabits  the  vast  forests  of  South 
America.  It  is  a  large  animal,  something  like  a  pig  in  shape,  but  brownish 
black  in  colour,  and  having  a  mane.  It  is  nocturnal  in  its  habits,  and  is 
strictly  phytophagous.  The  proboscis  is  employed  in  conveying  the  food 
to  the  mouth,  and  the  nostrils  are  placed  at  its  extremity.  It  attains  alto¬ 
gether  a  total  length  of  from  five  to  six  feet.  Another  species,  with  longer 
hair  (71  villosus ),  inhabits  the  Andes,  and  a  still  larger  species  (71  malay - 
anus)  is  found  in  Sumatra,  Borneo,  and  Malacca.  In  this  last  there  is  no 
mane,  and  the  general  colour  is  black  ;  but  the  back,  rump,  and  sides 
of  the  belly  are  white.  The  Elasmognalhus  Bairdii  occurs  in  Central 
America,  and  one  or  more  species  of  the  genus  Tapirus  ( T.  Roulini  and 
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T.  leucogenys )  have  been  discovered  in  the  elevated  regions  of  Ecuador  and 
New  Granada. 

As  regards  their  distribution  in  time ,  species  of  the  genus  Tapints  itself 
appear  in  the  Miocene  deposits  of  Europe.  In  the  still  older  Eocene 


n  m. 

Fig.  47S. — Feet  of  a  Tapir,  viewed  from  the  hinder  surface.  (After  Mune.) 

A,  Fore-foot;  B,  Hind-foot. 

Tertiary  the  remains  of  various  Tapiroid  animals  are  met  with,  of  which 
the  genus  Lophiodon  is  one  of  the  most  important.  The  genus  Orohipptts, 
regarded  by  Marsh  as  an  ancestral  type  of  the  Equidte,  seems  to  be  identi¬ 
cal  with  the  Lophiodont  genus  Hyracotherium ,  and  is  found  in  the  Eocene 
deposits. 

Fam.  4.  Brontotheridce. — The  large  fossil  Mammals  from 
the  Miocene  of  North  America,  which  Professor  Marsh  has 


Fig.  479. — Skull  of  Brontotherium  in  gens.  (After  Marsh.) 

described  under  the  name  of  Brontotheridce ,  may  be  provis¬ 
ionally  placed  here.  In  these,  the  fore-feet  have  four  nearly 
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equal  toes,  and  the  hind-feet  three,  thus  resembling  the  Tapirs. 
The  skull  is  elongated,  and  a  pair  of  very  large  horn-cores  are 
carried  upon  the  maxillaries  and  the  anchylosed  nasal  bones 
in  both  sexes.  The  dental  formula  in  Brontotherium  is — 


c 


i — i 

.  > 

i — i 


pm 


4—4  . 


in 


=  38. 


The  incisors  are  small ;  and  the  canines  are  short  and  not 
separated  from  the  praemolars  by  any  diastema,  these  latter 
being  much  smaller  than  the  molars.  The  neck  was  long,  and 
there  seems  to  have  been  a  long  tail.  The  nose  was  probably 
elongated  and  flexible,  but  there  would  not  appear  to  have 
been  a  long  proboscis.  The  Brontotheridce  seem  to  be  the 
successors  of  the  Dinocerata  of  the  Eocene.  The  chief  genus 
is  Brontotherium ,  with  which  the  Symborodon  and  Miobasileus 
of  Professor  Cope  are  more  or  less  entirely  synonymous. 

The  genera  Titanotherium ,  Megacerops,  and  Diconodon  also 
belong  to  this  group. 

Fum.  5.  Palceot her  idee. — This  family  includes  certain  extinct 
Ungulates  from  the  Eocene  and  Miocene  Tertiary.  They  are 
characterised  by  the  possession  of  three  toes  to  all  the  feet,  by 
having  canines,  and  by  the  fact  that  the  lower  molars  have  a 
doubly  crescentic  form.  The  canines  are  longer  than  the  other 
teeth,  and  the  dental  formula  is — 


pm  4  4  (or  ^  8  \  .  m  3  =  44  or  40. 

_  i  \  n ->  /  *■> -■» 

4  00  J  J 


The  chief  genus  in  this  family  is  Palceotherium  itself.  Several 
species  of  this  genus  are  known,  varying  in  size  from  a  sheep 


h  ig.  480.  Cjrinding-surface  of  the  molar  and  pratmolar  teeth  of  the  upper  jaw  of 
1  Vz  two  then  it  jii  crassum .  (After  Owen.) 


up  to  a  horse.  From  the  form  and  size  of  the  nasal  bones  it 
is  deduced,  with  great  probability,  that  the  Palceotheridce  pos¬ 
sessed  a  short  movable  proboscis  or  trunk. 

Font.  6.  Macraucheniida. — This  family  comprises  the  single 
genus  Macrauchenia  from  the  late  Tertiary  deposits  of  South 
America.  The  animals  included  in  this  genus  were  of  large 
size,  with  three-toed  feet,  and  a  third  trochanter  to  the  femur, 
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but  having  cervical  vertebrae  of  the  type  of  those  of  the  Camel- 
idce.  The  general  form  of  the  skull  is  horse-like,  and  the  in¬ 
cisors  have  a  coronal  pit.  The  teeth  form  nearly  a  continu¬ 
ous  series,  and  the  dental  formula  is — 


/  o 


o 


I  —  I 

c 

I  —  I 


pm 


4—4  . 

3 

4—4 


--  44- 


Fam.  7.  Solidungula  or  Equidce. — This  family  comprises  the 
Horses,  Asses,  and  Zebras,  characterised  by  the  fact  that  the 
feet,  in  living  forms,  have  only  a  single  perfect  toe  each,  en¬ 
closed  in  a  single  broad  hoof,  without  supplementary  hoofs 
(figs.  438  and  484,  D).  The  functional  toe  is  the  3d,  and  the 
2d  and  4th  digits  are  represented  only  by  rudiments  of  their 
metapodials  (“  splint-bones  ”),  hidden  beneath  the  skin.  There 
is  a  discontinuous  series  of  teeth  (fig.  481)  in  each  jaw;  and 


Fig.  481. — Skull  of  the  Horse  (Equits  caballus). 


in  the  males,  canines  are  present,  but  these  are  wanting  in  the 
females.  The  dental  formula  is — 


•  \ \  1  — 1  /  0 — °\  x  i — 3  3 — 3  r 

1  .  ■  ,  c  (or  )  ;  pm  0  0  ;  m  J  =  40  or  36. 

3 — 3  1  —  •  '  o — o'  3 — 3  3—3 

The  skin  is  covered  with  hair,  and  the  neck  is  furnished 
with  a  mane. 

As  regards  the  dentition,  there  are  really  four  pnumolars 
on  each  side  of  each  jaw,  but  the  first  of  these  falls  out  at  an 
early  period,  and  resembles  a  milk-tooth  in  so  far  as  it  has  no 
predecessor.  The  canines  are  of  small  size.  The  outer  side 
of  the  molars  (fig.  4S2)  is  deeply  grooved,  with  two  parallel 
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sulci,  to  which  internal  ridges  correspond,  their  length  being 
very  great,  and  the  whole  external  surface  being  thickly  coated 
with  cement ;  while  the  enamel-ridges  and  folds  of  the  crown 
are  filled  in  with  the  same  substance.  The  enamel  covering 
the  incisors  is  folded  in  at  the  crown,  like  the  inverted  finger 
ot  a  glove,  the  tube  thus  formed  being  filled  in  with  soft 


tig.  482.  ( irinding-surfaces  ot  t  lie  last  prarmolar  and  of  the  three  true  molars  of  the 

upper  jaw  of  the  Horse.  (After  Cuvier.) 


cement ;  and  it  is  the  wearing  down  of  this  with  age  which 
constitutes  the  “  mark.” 

The  family  Equidce  is  divided  by  Dr  Gray  into  two  sections 
or  genera:  Equus,  comprising  the  Horses;  and  Asinus ,  com¬ 
prising  the  Asses  and  Zebras.  Many  authorities,  however, 
place  all  the  existing  forms  under  the  single  genus  Equus. 

The  genus  Equus  is  distinguished  by  the  fact  that  the  body  is  not  banded 
though  a  dorsal  line  is  often  present  ;  both  the  fore  and  hind  legs  have  warts 
upon  them  ;  the  hoof  is  broad  and  rounded  ;  and  the  tail  is  evenly  haired 
the  long  hairs  beginning  at  or  near  the  base.  Until  recently  only  a  single 
living  species  of  the  genus  was  known— viz.,  the  Equus  caballus,  from 
which  have  descended  all  the  varieties  of  horses  which  are  employed  by 
man  at  the  present  day.  The  native  country  of  the  Horse  seems  to  have 
been  Central  Asia,  but  the  original  stock  of  the  domestic  breeds  is  not 
known.  All  the  so-called  “wild  ”  horses  are  in  reality  descendants  of  the 
domestic  breeds,  which  have  escaped  and  have  reverted  to  a  feral  state. 
Recently  a  genuine  wild  species  of  the  genus  Equus  has  been  found  by 
I  rjevalsky  in  the  deserts  between  the  Altai  and  Thian-Shan  Mountains  in 
Central  Asia,  and  has  been  described  under  the  name  of  Equus  Prjevalskii. 
This  remarkable  species  (fig.  483)  differs  from  Equus  caballus  in  the  fact 
that  the  long  hairs  of  the  tail  do  not  begin  till  about  half-way  down,  while  the 
mane  is  short  and  erect,  and  there  is  no  fore-lock.  It  is  of  small  size,  with 
thick  legs,  and  a  large  heavy  head.  In  the  genus,  or  sub-genus,  Asinus, 
the  body  is  marked  with  a  dorsal  stripe,  and  generally  with  a  shoulder 
stripe,  or  it  is  completely  striped  ;  the  fore-legs  alone  have  warts  ;  the  hoof 
is  contracted  ;  and  the  long  hairs  of  the  tail  form  a  tuft  at  the  end.  The 
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domestic  Ass  [Asians  vulgaris )  is  believed  to  be  descended  from  the  wild 
A  sinus  taniopus  of  Upper  Nubia,  which  has  transverse  stripes  on  its  hind 
legs.  The  “Onager”  (Asians  onager )  of  the  Asiatic  deserts  is  another 
wild  species,  and  a  third  well-known  form  is  the  ’'Kiang  (Asians  henii- 


Fig.  4s3.—  Eqtttts  Prjcvalskii.  (Copied  from  “  Xature  -')- 

onus)  of  the  high  table-lands  of  Thibet.  Wholly  confined  to  Africa,  lastly, 
are  the  striped  and  banded  species  known  as  the  Zebras  (A.  zebra  and  A. 
burchellii)  and  Quaggas  (A.  quagga). 

As  regards  their  distribution  in  time ,  a  number  of  forms  of 
fossil  Equidcc  have  been  discovered,  many  of  which  are  of 
special  interest,  as  showing  an  almost  perfect  senes  of  grada¬ 
tions  between  a  foot  with  three  complete  toes  and  a  foot  with 
only  one  complete  digit.  Some  of  them  also  exhibit  other 
curious  transitional  characters. 


According  to  the  views  entertained  by  Professor  Marsh,  the  most  ancient 
type  of  the  Equida  is  the  Eohippus  of  the  Lower  Eocene  of  North  America, 
in  which  the  fore-feet  have  four  complete  toes  and  a  rudimentary  polleN, 
while  the  hind-feet  have  three  toes. 

Orohittus ,  probably  really  referable  to  the  Tapiroid  group  of  the  Lophio- 
doatida,  is  regarded  by  Marsh  as  the  next  oldest  known  Equine  genus, 
and  comprises  small  mammals  about  as  big  as  foxes  with  the  fore-feet 
four-toed  (fig.  484.  A),  and  the  hind-feet  three-toed,  in 1  the  foie- foot,  t  he 
pollex  alone  is  wanting,  but  the  middle  toe  is  much  the  laigest.  1  lie 
genus  is  from  the  Eocene  of  North  America.  . 

'  In  the  Miocene  Tertiary  occur  the  genera  Aac/iit/tenum, 
and  Mesohippus ,  all  of  which  have  three  toes  to  both  feet.  M^ohippia 
has  an  additional  “splint-bone”  (rudimentary  metacarpal,  or  metatarsal) 
representing  a  fourth  toe.  Miohippus,  about  as  big  as  a  sheep,  has  the 
three  toes  sub-equal,  and  all  touching  the  ground.  Anchi/heitum  it  g. 
4X4,  B)  has  the  middle  toe  much  the  largest,  though  the  lateral  toes  still 

reach  the  ground. 
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In  the  later  Miocene  and  earlier  Pliocene  we  find  the  genus  Hipparion 
in  which  the  foot  is  still  three-toed  (fig.  4S4,  C)  ;  but  the  middle  toe  is 
alone  functionally  useful,  the  two  lateral  toes,  though  appearing  externally 
not  being  long  enough  to  touch  the  ground. 

In  the  later  Pliocene  we  meet  with  the  genus  Pliohippus,  in  which  the 


8  A Foot of OnliMn*  %  n  f°rms  be'onglng  t0  the  fami|y  of  the  Eguidte  : 

ho^r  Miocene B’- F°°tt  °f  Upper  Eocene  and 

Horse  Pi  •  ?  {Hipparion,  Upper  Miocene  and  Pliocene;  D,  Foot  of 

j  /  ple!stocene  and  Recent.  The  numerals  indicate  the  numbers  of 
he  digits  in  the  typical  five-fingered  hand  of  Mammals.  (After  Marsh.) 


foot  is  precisely  that  of  Equus,  with  the  lateral  toes  reduced  to  splint-bones 
(hg.  4S4,  D),  but  there  is  an  additional  praemolar,  and  an  “antorbital  fossa  ’’ 
is  present.  Lastly,  in  the  Post-pliocene  appears  the  genus  Equus  itself. 


CHAPTER  LXV1II. 

UA  G  U LA  T A  ( Continued ). 

Artiodactyle  Ungulates. 

Sect  ion  ],  Artiodactyla. — In  this  section  of  the  Ungulates 
th.e  number  of  the  toes  is  wen— either  two  or  four— and  the  third 
toe  on  each  foot  forms  a  symmetrical  pair  with  the  fourth  (fig. 
f°5)-  .  The  dorso-lum bar  vertebra ?  are  nineteen  in  number,  and 
there  is  no  third  trochanter  on  the  femur.  If  true  horns  are 
present,  these  are  always  in  pairs,  and  arc  supported  by  bony 
horn-cores.  The  antlers  of  the  Beer  are  also  faired,  but  they  are 
composed  wholly  of  bone.  The  stomach  is  always  more  or  less 
complex,  or  is  divided  into  separate  compartments,  and  the  ceecum 
is  comparatively  small  and  simple. 
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In  all  the  Artiodactyles,  the  third  and  fourth  toes  are  sym¬ 
metrically  paired,  and  in  all  but  the  Hippopotamida,  they  are 


Fig. 


the  two  functional  toes  of  the  foot.  In  the  Hippopotamus 
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(fig.  4S9),  the  second  and  fifth  digits  are  sufficiently  developed 
to  take  part  in  supporting  the  weight  of  the  body.  In  the 
Swine,  the  second  and  fifth  toes  are  moderately  developed 
(fig.  485,  1),  but  they  are  placed  high  up,  and  do  not  touch 
the  ground  when  the  animal  is  walking  on  a  plane  and  hard 
surface.  In  these  two  groups  also,  the  metapodials  (meta- 
carpals  and  metatarsals)  remain  permanently  distinct.  In  the 
Chevrotains  ( Traguluicc ),  the  second  and  fifth  toes  are  com¬ 
plete,  but  very  small ;  and  the  metapodial  bones  either  remain 
separate,  as  in  Hyomoschus  (fig.  485,  2),  or  only  unite  late  in 
life  (fig.  485,  3).  In  the  Hollow-horned  Ruminants  generally, 
as  in  Deer  and  Sheep  (fig.  485,  4  and  5),  the  second  and  fifth 
toes  are  reduced  to  rudiments,  and  the  metapodials  of  the 
third  and  fourth  toes,  which  are  alone  functional,  become 
completely  anchylosed  to  form  a  “cannon-bone.”  Lastly,  in 
forms  like  the  Giraffe  and  Camel  (fig.  485,  6),  the  second  and 
fifth  toes  disappear  altogether,  and  the  metapodials  of  the 
functional  third  and  fourth  toes  are  anchylosed  to  form  a 
“  cannon-bone.” 

By  Kowalewsky,  the  Artiodactyla  are  divided  into  two  great 


Fig.  486.— Grinding-surface  of  the  molar  and  prmmolar  teeth  of  a  Peccary  (Dicotyles 
labiatus),  showing  the  bunodont  type  of  dentition.  (After  Giebel.) 


groups  or  sections  in  accordance  with  the  nature  of  the  teeth. 
These  two  sections  were  differentiated  at  a  very  early  period, 
and  they  are  known  respectively  as  the  Bunodontia  and  Seleno- 


fig.  487.— Grinding -surface  of  the  molar  and  pne molar  teeth  of  the  Giraffe  ( Camelo - 
partialis  giraffa),  showing  the  selenodont  type  of  dentition. 

dontia.  In  the  “Bunodont”  section  are  comprised  only  the 
Pigs  and  their  allies,  and  the  Hippopotamidce,  in  all  of  which 
the  molars  and  praemolars  have  tuberculated  crowns  (fig.  486). 
In  the  “  Selenodont  ”  section  of  the  Artiodactyla  the  praemolars 
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and  molars  (fig.  487)  have  the  grinding-surfaces  of  their  crowns 
divided  each  into  two  crescentic  lobes,  the  convexities  of 
which  are  turned  inwards  in  the  upper  and  outwards  in  the 
lower  teeth.  Some  fossil  forms,  which  are  otherwise  allied  to 
the  Bunodont  Artiodactyles,  show  teeth  of  a  “  selenodont  ” 
character,  and  thus  form  a  transition  between  these  otherwise 
sharply  separated  divisions  of  even-toed  Ungulates. 

The  section  Artiodadyla  comprises  the  Hippopotamus,  the 
Figs,  and  the  whole  group  of  the  Ruminants,  including  Oxen, 
Sheep,  Goats,  Antelopes,  Camels,  Llamas,  Giraffes,  Deer,  &c. 
Besides  these  there  is  an  extensive  series  of  fossil  forms  com¬ 
mencing  in  the  Eocene  or  Lower  Tertiary  period,  and  in  many 
respects  filling  up  the  gaps  between  the  living  forms. 

Bu nodo N T 1  a  ( Non-rum i nan  tia ). 

Fain.  1.  Hippopotam idee.  —  This  group  contains  only  the 
single  genus  Hippopotamus ,  characterised  by  the  massive  heavy 


Fig.  488. — Skull  of  a  Hippopotamus  amphibitts>  side  view.  (After  Giebel.) 


body,  the  short  blunt  muzzle,  the  large  head,  and  the  presence 
of  teeth  of  three  kinds  in  both  jaws  (fig.  488).  The  dental 
formula  of  the  living  Hippopotamus  amphibius  is — 

.2 — 2  1  —  1  ,  4 — 4  3 — 3 

/  :  c  ;  pm  ^  \\  in'3  3  =  40. 

2—2  1  — 1  4—4  3—3 

The  incisors  are  nearly  horizontal,  those  of  the  centre  of  the 
lower  jaw  being  long  and  tusk-like.  The  canines  are  greatly 
developed,  those  of  the  upper  jaw  being  comparatively  short, 
while  the  lower  canines  are  in  the  form  of  enormous  tusks, 
with  a  chisel-shaped  edge.  The  crowns  of  the  molars  exhibit 
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a  characteristic  double-trefoil  pattern.  The  legs  are  very  short, 
with  massive  feet,  terminated  by  four  hoofed  toes  each  (fig. 
4^9)-  1  he  eyes  and  ears  are  small,  and  the  skin  is  extremely 

thick,  and  is  furnished  with  a 
few  bristles  on  the  very  short 
tail. 

A  number  of  extinct  species 
of  Hippopotamus  are  known  ; 
but  there  is  only  one  familiar 
living  form,  the  Hippopotamus 
amphiluus  or  River-horse,  and 
this  is  confined  to  the  African 
continent.  It  is  an  enormously 
bulky  and  unwieldy  animal, 
reaching  a  length  of  eleven  or 
twelve  feet.  It  is  nocturnal  in 
its  habits,  living  upon  grass,  the 
foliage  of  trees,  and  herbs,  and 
it  swims  and  dives  with  great 
facility.  It  is  found  in  toler¬ 
able  abundance  in  all  the  great 
rivers  of  Africa  south  of  the 
Sahara.  A  much  smaller  form 
(the  so-called  Hippopotamus  or 
Chceropsis  liberie  ns  is)  occurs  on  the  west  coast  of  Africa, 
but  it  is  exceedingly  rare,  and  comparatively  little  is  known 
about  it.  It  possesses,  however,  only  two  lower  incisors  in¬ 
stead  of  four. 

Fam.  2.  Suida. —  I  he  group  of  the  Suida,  comprising  the 
1  igs,  Hogs,  and  Peccaries,  is  closely  allied  to  the  preceding ; 
but  the  feet  (fig.  485,  1)  have  only  two  functional  toes,  the 
second  and  fifth  toes  being  much  shorter,  and  hardly  touching 
the  ground.  All  the  three  kinds  of  teeth  are  present,  but  they 
vary  a  good  deal.  The  canines  (fig.  490)  are  always  very 
large,  and  trihedral  in  shape;  and  in  the  males  they  usually 
constitute  formidable  tusks  projecting  from  the  sides  of  the 
mouth.  The  incisors  are  variable,  but  the  lower  ones  are 
always  inclined  forwards.  The  molars  and  prcemolars  have 
broad  crowns,  with  two  transverse  ridges  (increased  to  three 
or  more  in  the  last  molar),  which  are  divided  into  rounded 
tubercles  (fig.  486).  1  he  permanent  dental  formula  of  the 

Pig  (Sus  scrofa)  is — 


Fig.  489.— Left  fore-foot  of  Hippopotamus 
auiphibtus.  (After  Cuvier.) 


3  . 

> 

3 


;  pm 
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In  the  young  animal  there  are  four  deciduous  molars,  but  the 
first  of  these  is  not  replaced  by  a  praemolar,  though  it  remains 
in  the  jaw  up  to  the  third  year  of  life.  If,  therefore,  the  jaw 


Fig.  490.— Skull  of  the  Wild  Boar  (Sus  scro/a/crus).  (After  Gray.) 


of  a  Pig  up  to  the  third  year  of  its  age  (fig.  491)  be  examined, 
there  will  appear  to  be  tour  prasmolars  and  three  molars  on 
each  side,  the  first  of  these  apparent  prremolars  being  really 
the  long-retained  first  deciduous  molar.  1  he  skull  is  remark- 


iu.  401.— Dentition  of  the  Boar  (Sus  sr>,,  The  tooth  marked  fmK  though  taking 
the  place  of  a  first  praemolar,  is  really  the  first  deciduous  molar,  which  has  not  >et 
been  shed. 


ably  pyramidal,  with  a  pointed  occiput  and  long  paroccipital 
processes  (fig.  490).  The  stomach  is  mostly  slightly  divided, 
and  is  not  nearly  so  complex  as  in  the  Ruminants.  I  he  snout 
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is  truncated  and  cylindrical,  fitted  for  turning  up  the  ground, 
and  capable  ot  considerable  movement,  being  strengthened 
by  a  praenasal  bone,  or  ossification  of  the  septum  narium. 
1  he  skin  is  more  or  less  abundantly  covered  with  hair,  and 
the  tail  is  very  short,  or  represented  only  by  a  tubercle. 


The  most  familiar  example  of  the  Saida  is  the  Wild  Boar  (Sits  scrofa), 
\vhlch  many  of  our  domestic  breeds  of  Pigs  have  descended.  The 
W  lid  Boar,  as  also  the  domestic  Pig,  both  when  tame  and  in  a  wild  state, 
exhibits  remarkable  powers  of  adaptation  to  different  conditions  of  cli¬ 
mate  and  general  surroundings.  The  natural  range  of  the  Wild  Boar  is 
coextensive  with  the  Palmarctic  province,  but  it  has  been  exterminated  in 
various  regions  which  it  once  inhabited,  as  for  example,  in  Britain.  About 
a  dozen  other  species  of  the  genus  Sits  are  known,  ranging  over  the  Pate- 
arctic  and  Oriental  provinces,  and  extending  eastwards  as  far  as  New 
Guinea,  but  being  absent  from  North  and  South  America  and  Australia. 
Oi  the  remaining  Saida,  one  of  the  most  singular  is  the  Babyroussa  (Por- 
cas  babiritsa),  which  inhabits  the  islands  of  Celebes  and  Borneo  in  the 
-  lelanesian  province.  It  is  remarkable  for  the  great  size  and  backward 
curvatuie  of  the  upper  canines.  The  upper  canines  pierce  the  upper  lip 
m  the  males,  and  their  alveoli  are  directed  upwards.  The  Bush-hogs 
{Potdmochxnts)  of  Southern  Africa  and  Madagascar  are  nearly  allied  to 
but  possess  subocular  excrescences  of  a  cartilaginous  nature.  The 
African  \\  art-hogs,  forming  the  genus  Phacochccrus,  are  distinguished 
by  having  a  fleshy  wart  under  each  eye.  They  inhabit  Abyssinia,  the 
Guinea  coast,  and  other  parts  of  Africa. 

WTI)C“  American  Peccaries  ( Dicotyles )  represent  the  Swine  of  the  Old 
fir.u  •  ,  ey  are  s,nSular  in  having  only  three  toes  on  the  hind-foot,  the 
htth  digit  being  represented  only  by  its  metatarsal.  The  canines  are  not 
exserted,  there  are  only  four  upper  incisors,  and  there  is  no  tail.  There 
is  also  the  exceptional  character  that  the  metapodials  unite  to  form  a 
cannon-bone.'  They  are  exclusively  confined  to  the  American  conti¬ 
nent,  extending  from  Paraguay  as  far  north  as  Texas  and  Arkansas,  and 
the  commonest  species  is  the  Collared  Peccary  {Dicotyles  torquatus). 
They  are  not  at  all  unlike  small  pigs  either  in  their  appearance  or  in  their 
labits,  and  they  are  gregarious,  generally  occurring  in  small  flocks. 


Fom.  3.  Anoplothendce. — This  group  comprises  extinct  Artio- 
dactyles  which  belong  to  the  Eocene  and  Miocene  periods, 
and  form  a  kind  of  transition  between  the  Swine  and  the 
Ruminants.  In  Anoplotherium  itself  (fig.  492)  the  body  is 
slender,  provided  with  a  long  tail,  and  having  the  feet  termi- 
nated  by  two  toes  each,  sometimes  with  small  accessory  hoofs 
in  addition.  The  dentition  is  remarkable  in  the  fact  that  no 
gap  01  diastema  exists  between  the  molars  and  the  canines 
the  teeth  thus  forming  an  even  and  uninterrupted  series.  The 
dental  formula  is — 


Fam.  4. 


/  3  3.  .  1 —  1  ,  4 — 4 

r  7—7;  P"‘ 

a  3  1  — 1 


m 


_ ~p 

4—4  ’  "*  3—3 
Oieodo7itidce. —  This  family  comprises 
3  D 


-  44- 

extinct  Artio- 
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dactyles  from  the  Miocene  and  Pliocene  Tertiary  of  North 
America,  which  stand  in  some  respects  midway  between  the 
Sit i da  and  the  Ruminantia ,  and  have  been  termed  “  Ruminat- 


Fig.  492. — Anoplotherhtm  commune.  Eocene  Tertiary,  France.  (After  Cuviei.) 

ing  Hogs,”  though  there  is  no  evidence  that  they  really  rumi¬ 
nated.  Oreodon  is  about  as  big  as  a  sheep,  the  feet  being 
four-toed,  and  the  dental  formula  “complete.  I  he  canines 
are  large  and  triangular,  and  the  molars  are  of  the  “  seleno- 
dont  ”  character,  while  there  is  the  anomalous  distinction  that 
“  larmiers  ”  or  “  tear-pits  ”  existed  below  the  eyes. 

Selenodontia  ( Ruminantia ). 

The  last  section  of  the  Artiodactyle  Ungulates  is  the  great 
and  natural  group  of  the  Selenodont  or  Ruminant  L  ngulates. 
This  section  comprises  the  Oxen,  Sheep,  Antelopes,  Giraffes, 
Deer,  Camels,  &c.,  and  is  distinguished  by  the  following 

characters  : —  .  . 

The  foot  is  what  is  popularly  called  “cloven,  ’  consisting  of 
a  symmetrical  pair  of  toes  encased  in  hoofs  and  looking  as  it 
produced  by  the  splitting  into  two  equal  parts  of  a  single  hoof. 
Besides  the  two  functional  toes  (the  3d  and  4th),  the  2d  and 
3th  toes  are  usually  present  as  a  pair  of  small  supplementary 
digits  placed  on  the  back  of  the  foot.  The  metacarpal  bones 
of& the  two  functional  toes  of  the  fore-limb,  and  the  metatarsal 
bones  of  the  same  toes  of  the  hind-limb,  except  in  Hyomos- 
c/itts,  coalesce  to  form  a  single  bone,  known  as  the  "cannon- 
bone.”  The  stomach  is  complex,  and  is  divided  into  several 
compartments,  this  being  in  accordance  with  their  mode  of 
eating.  They  all,  namely,  ruminate  or  “chew  the  cud  that 
is  to  say,  they  first  swallow  their  food  in  an  unmasticated  or 
partially-masticated  condition,  and  then  bring  it  up  again,  after 
a  longer  or  shorter  time,  in  order  to  chew  it  thoroughly. 
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The  process  of  rumination  is  so  characteristic  of  this  "roup 
that  it  will  be  necessary  to  describe  the  structure  of  the  stom- 
ach,  as  showing  the  mechanism  by  which  this  singular  process 


IS  efeted.  The  stomach  (fig.  493)  is  divided  into  four  (rarely 
three)  compartments,  winch  are  usually  so  distinct  from  one 
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another  that  they  have  generally  been  spoken  of  as  so  many 
separate  stomachs.  The  gullet  opens  at  a  point  situated 
between  the  first  and  second  of  these  cavities  or  “  stomachs.” 
Of  these  the  largest  lies  on  the  left  side,  and  is  called  the  “ru¬ 
men  ”  or  “  paunch  ”  (fig.  493,  />).  This  is  a  cavity  of  very  large 
capacity^,  having  its  interior  furnished  with  numerous  hard 
papillte  or  warts.  It  is  the  chamber  into  which  the  food  is 
first  received  when  it  is  swallowed,  and  here  it  is  moistened 
and  allowed  to  soak  for  some  time.  The  second  compartment, 
placed  to  the  right  of  the  paunch,  is  much  smaller,  and  is 
known  as  the  “  reticulum  ”  or  “  honeycomb-bag  ”  (<r).  Its  inner 
surface  is  reticulated,  or  is  divided  by  ridges  into  a  number  of 
hexagonal  or  many-sided  cells,  somewhat  resembling  the  cells 
of  a  honeycomb.  The  reticulum  is  small  and  globular,  and  it 
receives  the  food  after  it  has  lain  a  sufficient  time  in  the  paunch. 
The  function  of  the  reticulum,  as  usually  believed,  is  to  com¬ 
press  the  soaked  and  moistened  contents  ot  the  rumen  into 
balls  or  pellets,  which  are  then  returned  to  the  mouth  by  a 
reversed  action  of  the  muscles  of  the  oesophagus,  in  order  that 
they  may  undergo  mastication.  After  having  been  thoroughly 
chewed  and  prepared  for  digestion,  the  food  is  swallowed  for  the 
second  time,  but  on  this  occasion  the  food  does  not  pass  into 
the  paunch,  but  is  transmitted  to  the  third  compartment  of 
the  stomach,  which  is  variously'  known  as  the  psaltenum, 
“omasum,”  or  ( Scotticc )  the  “  manyplies.  1  he  reason  why 
the  food  takes  a  different  course  when  swallowed  for  the  second 
time  to  that  followred  when  it  is  first  swallowed,  is  this :  l  he 
opening  of  the  gullet  into  the  stomach  has  its  margins  pro¬ 
longed  into  two  parallel  folds  or  ridges,  which  form  the  bound- 
ing-walls  of  a  deep  groove  running  from  the  cardiac  opening  ot 
the  oesophagus  to  the  psalterium,  and  which  can  be  brought 
into  apposition  so  as  to  convert  the  groove  into  a  canal  or  tube. 
When  the  imperfectly  masticated  food  is  swallowed  tor  the 
first  time,  it  forces  open  the  lips  of  this  groove,  and  thus  is 
transmitted  directly  into  the  paunch.  On  the  other  hand, 
when  thoroughly  chewed  and  swallowed  tor  the  second  time, 
the  now  semi-liquid  or  pulpy  food  trickles  along  this  groove  into 
the  psalterium,  not  being  now  sufficiently  weighty  or  bulky  to 
force  apart  the  ridges  which  bound  the  groove.  The  mucous 
membrane  lining  the  psalterium  is  thrown  into  numerous  longi¬ 
tudinal  folds  (fig.  493.  0>  which  are  so  close  as  to  resemble  the 
leaves  of  a  book,  and  which  serve  to  strain  the  food  and  keep 
back  unmasticated  fragments.  The  psalterium  opens  by  a 
wide  aperture  into  the  fourth  or  pyloric  compartment  of  the 
stomach,  which  is  know’ll  as  the  abomasum  (fig*  49  o.  4  )■ 


UNGULATA. 


789 


1  he  mucous  membrane  of  this  is  thrown  into  a  few  longitudinal 
folds,  and  its  walls  are  glandular,  and  secrete  the  gastric  juice. 
It  is,  therefore,  the  digestive  portion  of  the  stomach,  and  it 
opens  into  the  duodenum. 

The  dentition  of  the  Ruminants  presents  peculiarities  almost 
as  gieat  and  as  distinctive  as  those  to  be  derived  from  the 
digestive  system.  In  the  typical  Ruminants  (e.g,  Oxen,  Sheep, 
Antelopes)  there  are  no  incisor  teeth  in  the  upper  jaw,  their 
place  being  taken  by  a  callous  pad  of  hardened  gum,  against 
which  the  lower  incisors  impinge  (fig.  494).  There  are  also 


1  ig.  494.  Skull  of  a  hornless  Sheep  :  i  Incisors  ;  c  Canines  • 
ana  pramolars.  (After  Owen.)  ’ 


m  Molars 


no  upper  canine  teeth,  and  the  only  teeth  in  the  upper  iaw 
are  six  grinders  on  each  side.  In  the  front  of  the  lower  jaw  is 
a  continuous  and  uninterrupted  series  of  eight  teeth,  of  which 
t.ie  central  six  are  incisors,  and  the  outer  ones  are  canines.  The 
canines  of  the  lower  jaw  of  the  typical  Ruminants  differ,  how¬ 
ever  from  canine  teeth  generally,  in  the  fact  that  they  are  placed 
in  the  same  series  as  the  incisors,  which  they  altogether  re¬ 
semble  in  shape,  size,  and  direction. 

Behind  this  continuous  series  of  eight  teeth  in  the  lower  jaw 
there  is  a  vacant  space,  which  is  followed  behind  by  six 
grinders  on  each  side.  1  he  praemolars  and  molars  are  of  the 
se  enodont  type  (fig.  487),  and  have  their  grinding-surfaces 
marked  respectively  with  one  or  two  double  crescents,  the 
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convexities  of  which  are  turned  inwards  in  the  upper,  and 
outwards  in  the  lower  teeth. 

The  dental  formula,  then,  for  a  typical  Ruminant  animal 
is — 


The  departures  from  this  typical  formula  occur  in  the  Camelidce, 
the  Tragulidcp. ,  and  in  some  of  the  Deer.  Most  of  the  Deer 
conform  in  their  dentition  to  the  above  formula,  but  a  few 
forms  ( e.g .,  the  Muntjak)  have  canine  teeth  in  the  upper  jaw. 
These  upper  canines,  however,  are  mostly  confined  to  the 
males ;  and  if  they  occur  in  the  females,  they  are  of  a  small 
size.  The  dentition  of  the  Camelidce  (Camels  and  Llamas)  is 
still  more  aberrant,  there  being  two  pointed  upper  incisors 
and  upper  canines  as  well.  The  lower  canines  also  are  more 
pointed  and  stand  more  erect  than  the  lower  incisors,  and 
are  slightly  separated  from  them,  so  that  they  are  easily  re¬ 
cognisable. 

The  group  of  the  Ruminantia  includes  the  groups  of  the 
Camelidce  (Camels  and  Llamas),  the  Tragulida  (Chevrotains), 
the  Cenndce  (Deer),  the  Camel npandalidce  (Giraffe),  and  the 
Cavicornia  (Oxen,  Sheep,  Goats,  Antelopes). 

i.  Camelidce  (Tylopoda). — The  Camels  and  Llamas  constitute 
in  many  respects  an  aberrant  group  of  the  Ruminantia ,  espe¬ 
cially  as  regards  their  dentition  and  the  conformation  of  the 
feet.  The  upper  jaw  (fig.  495)  carries  three  teeth  on  each 


Kirr  —Side  view  of  the  skull  of  Camclus  bactrianus  :  i  Upper  incisor  ;  c  c  Canines  ; 
pm  Isolated  praemolar.  (After  Giebel.) 


side  in  front,  separated  by  slight  intervals.  The  most  anterior 
of  these  is  a  conical  incisor ;  the  central  one  is  a  canine,  and 
the  hindmost  is  the  first  praemolar,  which  is  separated  by  a 
wide  gap  from  the  rest  of  the  molar  series,  and  is  pointed  in 
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form.  In  the  lower  jaw  there  is  also  a  canine,  placed  a  little 
behind  the  incisors,  and  a  detached  laniariform  pnemolar  (the 
latter  sometimes  absent).  In  the  Llamas  these  isolated  prte- 
molars  do  not  exist.  Each  foot  (fig.  485,  6)  terminates  in 
two  toes,  which  are  provided  with  imperfect  nail-like  hoofs, 
covering  no  more  than  the  upper  surface  of  each  toe.  The 
second  and  fifth  toes,  which  are  mostly  present  in  the  Rumi¬ 
nants,  are  here  altogether  wanting,  and  the  animal  walks  upon 
the  hinder  surfaces  of  the  toes,  which  are  directed  downwards, 
and  are  protected  by  pads  of  callous  horny  integument.  The 
stomach  is  peculiar  in  the  fact  that  the  manyplies  is  absent, 
and  the  paunch  has  its  walls  hollowed  out  into  deep  water- 
cells,  occupying  two  special  tracts  of  its  internal  surface.  As 
regards  their  further  characters,  the  head  of  all  the  Camelidce 
is  destitute  of  horns  in  both  sexes  ;  the  nostrils  can  be  closed 
at  the  will  of  the  animal ;  the  upper  lip  is  hairy  and  partially 
cleft ;  and  the  red  blood-corpuscles  are  oval. 

1  he  family  of  the  Camelidce  is  represented  in  the  Old  World 
by  the  Camels  (Came/us),  and  in  South  America  by  the  Llamas 
and  Alpacas  ( Auchcma ).  1  here  is  also  an  extensive  series  of 

I  ertiary  foims,  one  of  which  (viz.,  J-’rololabis )  is  specially  in¬ 
teresting  as  possessing  the  full  number  of  upper  incisors 
namely,  three  on  each  side  of  the  jaw. 


he  true  Camels  are  peculiar  to  Asia  and  Africa,  and  two  species  are 
known,  distinguished  from  one  another  by  the  possession  of  a  double  or 
Tt  °Se  hump  on  the  back;  but  neither  of  these  are  truly  wild. 

1  he  An  lean  or  Arabian  Camel  (Camelus  dromedarins)  is  often  called  the 
Dromedary,  and  has  only  one  hump  on  its  back.  The  two  toes  are 
united  together  by  the  callous  sole;  and  the  chest,  shoulders,  anil  knees 
are  furnished  with  callous  pads,  upon  which  the  animal  rests  when  lyitm 
down  _  1  he  hump  is  almost  entirely  composed  of  fat,  and  appears  to  act 
as  a  kind  of  reserve  supply  of  food,  as  it  is  noticed  to  diminish  much  in 
size  upon  long  journeys.  The  Camel  can  likewise  support  a  very  pro¬ 
longed  privation  of  water,  as  the  paunch  is  furnished  with  large  cells 
which  the  animal  fills  when  it  has  access  to  water,  to  be  made  use  of 
subsequently  as  occasion  may  require.  The  structure  of  the  Camel  adapts 
it  admirably  for  locomotion  in  the  sandy  deserts  of  Arabia  and  Africa  • 
and  as  it  is  patient  and  enduring,  it  is  almost  exclusively  employed  as  a 
beast  of  burden  in  the  countries  in  which  it  occurs. 

The  Bactiian  Camel  ( C .  bactnanus)  is  distinguished  by  the  possession  of 
two  humps;  but  in  other  respects  it  does  not  differ  from  the  Dromedary 
It  is  found  in  Turkestan,  Persia,  Mongolia,  and  Thibet,  extending  north 
to  Lake  Baikal,  and  eastwards  to  Pekin.  The  two  species  are  said  to 
breed  together  and  the  hybrid  offspring  is  stated  to  be  occasionally  fertile 

I  he  place  of  the  Camels  is  taken  in  the  New  World  by  the  Llama 
and  Alpaca,  with  their  respective  wild  forms.  These  animals  form  the 
genus  Aiichema,  and  are  in  many  respects  similar  to  the  true  Camels 
they  are  distinguished,  however,  by  having  no  hump  upon  the  back  and 
>y  the  fact  that  the  two  toes  are  not  conjoined  and  supported  by  a  callous 


792 


MANUAL  OF  ZOOLOGY. 


pad,  as  in  the  Camels,  but  are  separate,  with  separate  pads,  and  with 
strong  curved  nails.  The  neck  is  long  and  the  head  comparatively  small, 
whilst  the  upper  lip  is  mobile  and  deeply  cleft  vertically,  d  he  Llamas  aie 
chiefly  found  in  Peru  and  Chili.  They  live  in  flocks  in  mountainous 
regions,  and  are  much  smaller  than  the  Camels  in  size.  The  true  Llama  is 
kept  as  a  domesticated  animal,  and  used  as  a  beast  of  burden,  its  wild  form 
being  known  as  the  “Guanaco.”  The  Alpaca  is  still  smaller  than  the 
Llama,  and  is  not  very  unlike  a  sheep,  having  a  long  woolly  coat.  It  is 
partially  domesticated,  and  the  wool  is  largely  imported  into  Europe.  Its 
wild  form  is  the  so-called  “Vicuna.  ’ 

As  regards  their  distribution  in  tune,  the  Ccinielidie  are  first 
represented  in  the  Miocene  deposits  of  North  America  ( Poe - 
brotherium ,  &c.). 

2.  Tragulidce. — This  group  comprises  certain  small  Rumi¬ 
nants,  the  so-called  “  Chevrotains  ”  ( Tragulus ),  which  have 
been  sometimes  associated  with  the  Musk-deer  ( Mosclius ). 
The  researches  of  Milne-Edwards  and  F lower  have,  however, 
shown  that  the  relationships  of  Moschus  are  with  the  Cervidce 
or  Deer  proper,  and  that  the  Chevrotains  constitute  a  special 
group  of  Ruminants. 

The  Tragulidcz  are  characterised  by  the  total  absence  ol 
horns  in  both  sexes,  and  by  the  presence  of  canines  in  both 
jaws,  those  in  the  upper  jaw  being  in  the  form  of  tusks  in  the 
males  (fig.  496),  but  much  smaller  in  the  females.  The  third 


Fig.  496.— Side  view  of  the  skull  of  Trngulus  javanicus.  (After  Giebel.) 

stomach,  or  “  psalterium,”  is  wanting,  and  the  placenta  is  dif¬ 
fuse.  The  Chevrotains  are  peculiar  in  the  fact  that  the  second 
and  fifth  digits,  though  small,  are  complete  (fig.  485>  2  an<^  3)> 
and  also  in  the  fact  that  the  metacarpals  and  metatarsals  of 
the  functional  toes  (the  3d  and  4th)  either  do  not  unite  to  form 
a  cannon-bone  till  late  in  life,  or  remain  (as  in  Hyomoschus)  per¬ 
manently  separate.  . 

This  family  includes  at  the  present  day  only  the  Hyomoschus 
of  Western  Africa,  and  some  four  or  five  species  of  Traguius 
from  the  Indian  province.  The  best  known  are  the  Ira- 
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gulns  javanicus,  or  “  Napu  ”  of  Java,  and  the  T.  meminna  of 
India.  They  are  all  very  small  and  elegant  animals,  and,  though 
commonly  called  “  Musk-deer,”  they  have  no  musk-gland. 

As  regards  their  distribution  in  time ,  the  earliest  forms  of  the 
Tragulidce  (A mphitragulus  and  Dremotherium)  appear  in  the 
Miocene  period. 

3.  Cervidce. — This  family  is  of  much  greater  importance 
than  that  of  the  Tragulidce,  including  as  it  does  all  the  true 
Deer.  They  are  distinguished  from  the  other  Ruminants 
chiefly  by  the  nature  of  the  horns,  which  are  wanting  in  the 
genera  Moschus ,  Hydropotes ,  and  Lophotragus.  With  the  single 
exception  of  the  Reindeer,  these  appendages  are  confined  to 
the  males  amongst  the  Cervidce,  and  do  not  occur  in  the  females. 
They  do  not  consist,  as  in  the  succeeding  group,  of  a  hollow 
sheath  of  horn  surrounding  a  central  bony  core,  nor  are  they 
permanently  retained  by  the  animal.  On  the  other  hand,  the 
horns — or,  as  they  are  more  properly  called,  the  antlers — of  the 
Cervidce  are  deciduous,  and  are  solid.  They  are  bony  through¬ 
out,  and  are  usually  more  or  less  branched  (fig.  498),  and  they 
are  annually  shed  and  annually  reproduced  at  the  breeding 
season.  They  increase  in  size  and  in  the  number  of  branches 
every  time  they  are  reproduced,  until  in  the  old  males  they 
may  attain  an  enormous  size.  The  antlers  are  carried  upon 
the  frontal  bone,  and  are  produced  by  a  process  not  at  all 
unlike  that  by  which  injuries  of  osseous  structures  are  made 
good.  At  first,  the  antlers  are  covered  with  a  sensitive 
hairy  skin  or  “  velvet  ” ;  but  when  the  horn  is  fully  formed, 
there  is  produced  a  bony  ridge  or  “burr”  a  little  above  its 
base,  separating  the  horn  into  a  basal  stem,  or  “  pedicel,”  and  a 
distal  portion,  or  “beam.”  The  pressure  of  the  “burr”  upon 
the  vessels  which  supply  the  velvet  with  blood  leads  to  their 
gradual  obliteration,  the  skin  then  dying  and  peeling  off,  thus 
leaving  the  horn  as  a  naked  bony  process  (fig.  497). 

When  fully  developed,  the  antlers  of  the  Deer  consist  of  a  main  stem  or 
“beam,”  carrying  one  or  more  branches  or  “tynes.”  In  the  second  year 
after  birth,  when  the  antlers  are  first  produced,  and  in  a  few  Deer  through¬ 
out  life,  the  antler  consists  only  of  the  “beam,”  and  is  dagger-shaped  and 
unbranched,  the  animal  being  known  now  as  a  “brocket.”  In  the  horns 
of  the  next  year,  the  antler  develops  a  basal  branch  or  “  brow-tyne.”  In 
the  horns  of  the  fourth  year,  the  beam  above  the  brow-tyne  becomes  bifur¬ 
cated,  the  divisions  thus  produced  (“tres-tyne  ”  and  “royal  tyne  ”)  remain¬ 
ing  simple  in  some  cases,  or  in  other  cases  undergoing  further  subdivision. 
The  differences  in  the  horns  of  different  kinds  of  Deer  depend  principally 
upon  the  extent  to  which  this  subdivision  of  the  beam,  as  regards  one  or 
both  of  its  primary  divisions,  is  carried  on  ;  and  the  following  are  the  prin¬ 
cipal  types  of  antlers  : — 

(A.)  Rusine  type. — The  brow-tyne  simple,  the  beam  simply  divided  (fig. 
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498,  A).  This  form  of  antler  occurs  in  the  Sambur  Deer  ( Rusa  Aristotelis) 
and  in  tiie  Axis  Deer  of  India. 

(B. )  Rucervine  type. — The  two  primary  divisions  of  the  beam  above  the 


Fig.  497. — Side  view  of  the  skull  of  the  Roebuck  ( Ca/>reo/us  capnea). 
(After  Giebel.) 


brow-tyne  again  bifurcated,  and  both  divisions  approximately  equal,  as  in 
the  Rucervus  Schomburgki  of  Siam  (fig.  498,  B).  In  a  modification  of  this 
type,  the  royal  tyne  is  reduced  in  size  (fig.  498,  C),  and  the  tres-tyne  is 
large  ;  while  in  a  still  more  extreme  type,  the  royal  tyne  is  reduced  to  a 
mere  snag. 

(C. )  Elaphine  type. — Brow-tyne  reduplicated  (by  the  presence  of  a  “  bez- 
tyne”)  ;  the  royal  tyne  large  and  divided.  This  type  occurs  in  the  Red- 
deer  ( Cervus  elaphus,  fig.  498,  F  and  G).  In  the  “  sub-elaphine  ”  type 
(as  in  the  Cervus  sika  of  Japan),  the  brow-tyne  is  simple. 

(D.)  Capreoline  type. — The  beam  dividing  into  a  short  anterior  and  a 
longer  posterior  branch,  the  latter,  when  fully  developed,  again  bifurcated 
at  its  extremity  (fig.  498,  D).  This  type  of  antler  occurs  in  the  Roebuck 
(Capreo/us  caprcca). 

(E. )  Type  of  the  Muntjak. — Antler  supported  upon  a  long  osseous  pedicle 
arising  from  the  frontal  bone  ;  a  short  brow-tyne ;  the  beam  undivided 
(fig.  498,  E).  Occurs  only  in  the  Muntjak  (Cervulus  muntjak). 

Of  the  other  characters  of  the  Cervidce ,  it  may  be  noted  that 
upper  canines  are  occasionally  developed  (Muntjak,  Musk- 
deer),  and  that  the  second  and  fifth  digits  are  present,  though 
rudimentary  (tig.  485,  4).  The  lachrymal  bone  exhibits  a  deep 
antorbital  pit,  which  lodges  a  peculiar  gland  (the  “larmier  "), 
which  secrets  a  strongly  odorous  waxy  substance.  In  many 
cases,  also,  there  is  a  larger  or  smaller  vacuity  between  the 
frontal,  nasal,  lachrymal,  and  maxillary  bones. 

The  Cerviiltz  are  very  generally  distributed,  but  no  member 
of  the  group  has  hitherto  been  discovered  in  either  Australia 
or  South  Africa,  their  place  in  the  latter  continent  seeming  to 
be  taken  by  the  nearly-allied  Antelopes  (distinguished  by  their 
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hollow  horns).  Africa,  in  fact,  has  no  Deer  except  the  Barbary 
Deer  alone,  and  this  occurs  north  of  the  Sahara  only. 


\  ery  many  species  of  Cervida:  are  known,  and  it  is  not  possible  to  allude 
to  more  than  a  few  of  the  more  familiar  and  important  forms.  Three  species 
occur  in  Britain — namely,  the  Roebuck,  Red-deer,  and  Fallow-deer,  the 
last  not  being  truly  indigenous.  The  Roebuck  {Capreolus  caprtca)  was  once 
very  generally  distributed  over  Britain,  but  is  almost  confined  to  the  wilder 
parts  of  Scotland  at  the  present  day.  It  is  of  small  size,  and  ranges  over 
Northern  Europe  and  Asia.  The  Red-deer  or  Stag  {Cervus  elaphus')  is  a 


Big.  49^. — A,  Antler  of  the  “  Rusine 
cervine  ”  type  ( Ruccrvus 


type  (Sambur  Deer);  B,  Antler  of  the  “Ru- 
yPe  (A ncervus  Schomburgki)\  C,  Modified  Rucervine  type  of  antler 
u  uctett2’us  VwMcelli),  in  which  the  “  royal  ”  tyne  is  reduced  in  size  ;  D,  Antler  of 
the  Capreoline  type ■  (Capreolus  cafirtra)  ;  E,  Antler  of  the  Muntjak  (Ccrrulus 
muntjak)  ;  I- ,  Antler  of  the  Red-deer  (Cervus  elaphus)  of  the  second  year  ;  G,  Antler 
of  the  full-grown  Red-deer,  showing  the  “  elaphine  ”  type. 


much  larger  species,  with  well-developed  spreading  antlers.  The  Red- 
deer  of  Britain  is  repiesented  in  iNorth  America  by  a  still  larger  species, 
known  as  the  Wapiti  {Cervus  canadensis'). 

The  third  British  species  is  the  Fallow-deer  ( Da/na  vulgaris),  charac¬ 
terised  by  the  fact  that  the  antlers  are  palmated — that  is,  dilated  towards 
their  extremities.  It  is  not  indigenous  to  Britain,  and  its  native  habitat  is 
apparently  the  shores  of  the  Mediterranean.  Allied  to  the  Fallow-deer 
a  gigantic  extinct  species,  the  Megaceros  hibernicus ,  which  inhabited 
Ireland,  the  Isle  of  Man,  Scotland,  and  probably  the  greater  part  of 
Europe,  up  to  a  comparatively  modern  date,  probably  having  survived 
*nto  the  human  period.  It  is  often,  but  incorrectly,  spoken  of  as  the  Irish 
“  Elk,  D't  it  is  really  a  genuine  Stag.  The  animal  was  of  very  great  size, 
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and  was  furnished  with  enormous  spreading  and  palmate  antlers,  which 
measure  from  ten  to  twelve  feet  between  the  tips. 

Of  all  the  Deer,  the  largest  living  form  is  the  true  Elk  ( A  Ices  palmatus), 
which  is  generally  distributed  over  the  northern  parts  of  Europe,  Asia,  and 
America,  being  often  spoken  of  as  the  Moose.  The  antlers  in  the  Elk  are 
of  a  very  large  size,  and  are  very  broad,  terminating  in  a  series  of  points 
along  their  outer  edges. 

The  only  completely  domesticated  member  of  the  Cervida  is  the  Rein¬ 
deer  (  Ccithis  tarandus),  which  is  remarkable  for  the  fact  that  the  female  is 
furnished  with  antlers  similar  to,  but  smaller  than,  those  of  the  males.  At 
the  present  day,  the  Reindeer  (if  the  Caribou  be  regarded  as  distinct)  is  ex¬ 
clusively  confined  to  the  extreme  north  of  Europe  and  Asia,  abounding 
especially  in  Lapland.  Remains,  however,  of  the  Reindeer  are  known  to 
occur  over  the  greater  part  of  Europe,  extending  as  far  south,  at  any  rate, 
as  the  Alps,  and  occurring  also  in  Britain.  From  this  fact,  taken  along 
with  many  others,  the  existence  of  an  extremely  cold  climate  over  the 
greater  part  of  Europe  at  a  comparatively  recent  period  may  be  safely 
inferred.  The  Reindeer  lives  chiefly  upon  moss  and  a  peculiar  kind  of 
lichen,  and  they  are  extensively  used  by  the  Laplanders  both  as  beasts  of 
burden  and  as  supplying  food.  The  “  Caribou  ”  of  North  America,  if  not 
absolutely  identical  with  the  Reindeer,  would  seem  to  be,  at  most,  a  well- 
marked  variety  of  it. 

The  so-called  “  Brockets  ”  are  small  Deer,  in  which  the  horns  are  simple 
and  stiletto-shaped,  without  tynes.  They  are  natives  of  South  America. 
The  Muntjaks  ( Cervulus )  inhabit  India,  Burmah,  China,  and  the  Indian 
Archipelago,  and  have  the  horns  supported  upon  long  bony  pedicles 
springing  from  the  frontal  bones,  while  the  males  have  large  upper  canines. 

The  true  Musk-deer  ( Moschus  moschiferus )  possess  no  horns,  and  the 
males  have  a  musk-gland.  There  are  canine  teeth  in  both  jaws,  and  the 
upper  canines  of  the  males  have  the  form  of  long  tusks.  I  he  Musk-deer 
are  elegant  little  animals,  which  agree  with  the  typical  Deer  in  the  fact 
that  they  have  spotted  young,  and  that  the  placenta  is  cotyledonary,  whilst 
they  depart  from  the  ordinary  cervine  type  in  the  absence  of  antlers.  They 
inhabit  Central  Asia. 

The  curious  Water-deer  ( Hydropotes )  of  China  is  related  to  Moschus , 
and  also  has  no  horns.  Another  curious  Chinese  form  is  the  Elaphunts, 
in  which  there  is  a  long  tufted  tail,  and  the  antlers,  in  place  of  an  anterior 
basal  branch,  possess  a  long  posterior  branch,  the  end  of  which  is  dilated 
and  prolonged  into  several  short  points. 

As  regards  their  distribution  in  time ,  the  earliest  remains  ot 
Cervidic  appear  in  the  Miocene  ( Dorcatherium ,  Dicroceros, 
&c.).  Cervus  itself  appears  in  the  Upper  Miocene,  and  of  the 
same  age  is  the  genus  A mphimoschus,  related  to  the  living 
Musk-deer. 

4.  Camelopardalidce. — This  family  includes  only  a  single 
livin'1  animal — the  Camelopardalis  giraffa,  or  Giraffe — some¬ 
times  called  the  Camelopard,  from  the  fact  that  the  skin  is 
spotted  like  that  of  the  Leopard,  whilst  the  neck  is  long,  and 
gives  it  some  distant  resemblance  to  a  Camel.  There  are  no 
upper  canines  in  the  Giraffe,  and  both  sexes  possess  two  small 
frontal  horns,  which,  however,  are  persistent,  and  remain  per¬ 
manently  covered  by  a  hairy  skin,  terminated  by  a  tuft  of  long 
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stiff  bristles.  These  are  not  mere  out-growths  of  the  frontals, 
but  are  independent  ossifications  placed  on  the  sutures  between 
the  frontal  and  parietal  bones.  There  is  also  a  central  horn, 
if  it  may  be  so  called,  which  is  of  the  nature  of  an  epiphysis, 
and  is  placed  upon  the  sagittal  suture.  It  becomes  early  an- 
chylosed  with  the  skull,  as  do  ultimately  the  other  two  horns. 
The  neck  is  of  extraordinary  length,  but,  nevertheless,  consists 
of  no  more  than  the  normal  seven  cervical  vertebras.  The  fore¬ 
legs  appear  to  be  much  longer  than  the  hind-legs,  and  all  are 
terminated  by  two  toes  each,  the  second  and  fifth  digits  being 
altogether  wanting.  The  tongue  is  very  long  and  movable, 
and  is  employed  in  stripping  leaves  off  the  trees.  The  Giraffe 
is  the  largest  of  all  the  Ruminants,  measuring  as  much  as  from 
fifteen  to  eighteen  feet  in  height.  It  is  a  harmless  and  inoffen¬ 
sive  animal,  but  defends  itself  very  effectually,  if  attacked,  by 
kicking.  It  is  found  in  Africa,  south  of  the  Sahara. 

Remains  of  gigantic  Ruminants  allied  to  the  Giraffe  have 
been  found  in  the  later  Tertiary  deposits  of  France  and 
Greece  (Helladothernnn) but  the  Sivatherium ,  sometimes 
referred  to  this  family,  appears  to  have  been  more  nearly 
allied  to  the  true  Antelopes. 

5.  Cavicomia. — The  last  family  of  the  Ruminants  is  that 
of  the  Cavicomia ,  comprising  the  Oxen,  Sheep,  Goats,  and 
Antelopes.  This  family  includes  the  most  typical  Ruminants, 
and  those  of  most  importance  to  man.  The  upper  jaw  in  all 
the  Cavicomia  is  wholly  destitute  of  incisors  and  canines,  the 
place  of  which  is  taken  by  the  hardened  gum,  against  which 
the  lower  incisors  bite.  There  are  six  incisors  and  two  canines 
in  the  lower  jaw,  placed  in  a  continuous  series,  and  the  molars 
are  separated  by  a  wide  gap  from  the  canines.  Both  sexes 
have  horns,  or  the  males  only  may  be  horned,  but  in  either 
case  these  appendages  are  very  different  to  the  “antlers”  of 
the  Cervidas.  The  horns,  namely,  are  persistent,  instead  of 
being  deciduous,  and  each  consists  of  a  bony  process  of  the 
frontal  bone— or  “horn-core” — covered  by  a  sheath  of  horn 
(fig-  499)-  I'1  tfie  Prong-buck  (Antilocapra),  however,  the 

sheath  of  the  horn  is  shed  annually.  The  feet  are  cleft,  but 
are  mostly  furnished  with  accessory  hoofs  (the  rudiments  of 
the  second  and  fifth  digits)  placed  on  the  back  of  the  foot. 

The  Cavicomia  comprise  the  three  families  of  the  Antilopidce , 
Ovidce ,  and  Bovidce.  The  Antelopes  form  an  extremely  large 
section,  with  very  many  species.  They  are  characterised  by 
their  slender  deer-like  form,  their  long  and  slender  legs,  and 
their  simple  cylindrical,  annulated  or  twisted  horns,  which  are 
sometimes  confined  to  the  males,  but  often  occur  in  the  females 
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as  well  (fig.  500).  They  possess  the  same  sub-orbital  glands 
(“larmiers”)  as  have  been  mentioned  as  occurring  in  the 
Cervidce ;  and  they  have  also  two  odiferous  glands  on  the 
groin,  the  openings  of  which  are  known  as  the  “  inguinal 


Fig.  499.— Skull  of  the  Cape  Buffalo  {Bubal us  coffer)  \ iewed  from  above,  showing 
the  horn-cores.  (After  Cuvier.) 


pores.”  The  second  and  fifth  digits  are  usually,  but  not 
always  present,  as  rudiments,  represented  by  two  small  acces¬ 
sory  hoofs  on  the  back  of  the  foot. 

The  Antelopes  form  a  very  large  and  widely  distributed  family,  being 
especially  numerous,  both  in  individuals  and  species,  in  Africa,  in  which 
country  they  appear  to  lake  the  place  of  the  true  Deer  (only  one  species 
of  Deer  being  indigenous  to  Africa).  Amongst  the  better-known  African 
species  of  Antelopes  are  the  Springbok,  Hartebeest,  Gnu,  Eland,  and 
Gazelle.  The  only  European  Antelopes  are  the  Chamois  {Rupicapra 
tragus),  which  inhabits  the  Alps  and  other  mountain-ranges  of  southern 
Europe,  and  the  Saiga  of  eastern  Europe.  Amongst  the  more  remarkable 
Antelopes  may  be  mentioned  the  Prong-buck  ( Antilocafrra  americana)  of 
N.  America,  in  which  there  are  no  accessory  hoofs,  lachrymal  sinuses,  or 
inguinal  pores  ;  the  females  have  very  small  horns,  and  the  horns  of  the 
male  have  a  snag  or  branch  in  front.  The  horn-core,  however,  is 
conical,  and  does  not  extend  above  the  snag.  The  horns  are  also  very 
remarkable  for  the  fact  that  their  sheath  is  annually  shed,  and  annually 
reproduced.  Another  curious  form  is  the  Chickara  (.-/.  </uaiincoruis)  of 
India,  in  which  the  females  are  hornless,  but  the  males  have  four  horns. 

The  Sheep  and  Goats  ( Ovidte )  have  mostly  horns  in  both 
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sexes,  and  the  horns  are  generally  curved,  compressed,  and 
turned  more  or  less  backwards.  The  body  is  heavier,  and  the 
legs  shorter  and  stouter,  than  in  the  true  Antelopes. 


I' ig.  500.  Head  of  the  Koodoo  ( Stvcpsiccros  koodoo). 


The  Goats  (Capra)  are  distinguished  from  the  Sheep  by  their  more 
slender  limbs,  long  and  oblique  nostrils,  and  flattened  arched  horns.  The 
throat  is  furnished  with  long  hair,  forming  a  beard,  and  this  appendage 
may  be  confined  to  the  males  or  may  be  present  in  both  sexes.  The 
domestic  Goat  is  believed  to  be  descended  from  the  “  Paseng  ”  ( Capra 
ffgagrus)  of  the  Caucasus  and  Persia.  One  species  of  Ibex  (7.  alpinus) 
inhabits  the  high  ranges  of  Central  and  Eastern  Europe,  but  is  becoming 
gradually  rarer. 

The  Sheep  have  generally  shorter  and  stouter  limbs  than  the  Goats 
a  beard  being  absent,  and  the  horns  being  spirally  twisted.  Horns  are 
usually  present  in  both  sexes,  but  are  absent  in  the  females  of  some  breeds 
of  the  domestic  Sheep  (Ovis  aries).  Some  of  the  breeds  of  the  domestic 
Sheep,  and  more  particularly  the  smaller  short-tailed  breeds,  with  cres¬ 
cent-shaped  horns,  seem  to  be  descended  from  the  “Moufflon”  (Ovis 
miisunon),  which  is  still  found  wild  in  Corsica  and  Sardinia  I11  the 
\  liian-Shan  Mountains,  above  heights  of  9000  feet,  is  found  the  Ovis 
poll,  distinguished  by  the  immense,  laterally-directed,  spiral  horns  The 
Ovu  Ammon  of  Thibet  is  long-legged,  and  has  large  horns  which  describe 
a  nearly  complete  circle.  The  genus  Ovis  is  represented  in  North 
America  by  the  Bighorn  ( O .  montana)  of  the  Rocky  Mountains. 


J  he  true  Oxen  ( Bovidce )  are  distinguished  by  having  simply 
rounded  horns,  which  are  not  twisted  in  a  spiral  manner,  and 
are  usually  directed  more  or  less  outwards.  Most  of  the  Oxen 
admit  of  being  more  or  less  completely  domesticated,  and 
some  of  them  are  amongst  the  most  useful  of  animals,  both 
as  beasts  of  burden  and  as  supplying  food. 


l*le  numerous  forms  of  Oxen,  the  following  are  the  more  remarkable 
(a.)  1  he  numerous  domestic  varieties  of  Oxen  maybe  grouped  together 
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under  the  common  name  of  Bos  taunts.  I  he  nearest  approach  to  British 
Wild  Oxen  are  the  well-known  “Chillingham  Cattle,”  of  which  two  herds 
still  exist.  They  are  white  in  colour,  with  a  black  muzzle,  the  horns  white, 
tipped  with  black.  The  domestic  breeds  of  European  Oxen  seem  for  the 
most  part  to  have  descended  from  one  or  other  of  two  now  extinct  types. 
One  of  these  is  the  “Urns”  (Bos  primigenius),  which  existed  in  Germany 
when  it  was  invaded  by  the  Romans ;  and  the  other  is  the  British  Short¬ 
horn  ”  ( Bos  longifrons)  of  Owen.  Of  the  Bos  taunts  type  are  the  Oxen 
known  as  the  “  Gour,”  the  “  Gayal,”  and  the  “  Banteng,”  which  are  found 
in  India  and  the  Indian  Archipelago,  and  have  their  horns  bent  at  first 
outwards  and  then  upwards. 

(/>.)  The  Humped  Cattle  (Bibos)  of  the  Oriental  province  are  distin¬ 
guished  by  possessing  a  fatty  hump  over  the  withers.  A  well-known  foim 
is  the  Zebu  (B.  indicus),  which  is  often  hornless.  The  Humped  Cattle  are 
known  from  Egyptian  monuments  to  have  been  domesticated  from  an  ex¬ 
tremely  early  period,  but  their  wild  form  is  unknown. 

(c.)  The  Bisons  are  distinguished  by  having  a  shaggy  mane,  a  hump  on 
the  shoulders,  a  very  large  head,  and  a  tufted  tail.  I  he  European  Bison 
or  “Aurochs”  (Bison  eitropaus),  formerly  very  widely  distributed,  now 
only  occurs  in  one  of  the  forests  of  Lithuania,  where  it  is  specially  pro¬ 
tected  ;  but  it  is  said  to  be  found  also  in  the  Caucasus.  The  American 
Bison  or  “Buffalo”  (Bison  americanus),  once  extraordinarily  abundant  in 
the  western  United  States  and  Canada,  is  also  now  almost  extinct. 

(d.)  The  true  Buffaloes  (Bit bains)  have  large  horns,  triangular  in  section, 
turned  outwards  and  backwards,  and  often  confluent  at  their  bases.  T  he 
common  Buffalo  ( Bubalns  bitbalts)  is  found  in  Southern  Europe  and  North 
Africa  ;  and  the  “  Arnee  ”  of  India  is  along-horned  variety  of  it.  The 
Cape  Buffalo  (Bubalns  coffer)  has  short  horns,  with  greatly  expanded  bases, 
and  ranges  over  Africa  south  of  the  equator. 

(e.)  The  “Yak”  (Po'ephagus  grunniens)  represents  a  quite  peculiar  type 
of  Oxen,  distinguished  by  the  possession  of  a  long  silky  tail  and  of  a 
fringe  of  long  hair  along  the  shoulders,  flanks,  and  thighs.  It  inhabits  the 
table-lands  of  Thibet. 

(f)  Lastly,  a  remarkable  type  of  the  Oxen  is  presented  by  the  Musk¬ 
ox  (Ovibos  moschatus),  which  is  in  some  respects  intermediate  between  the 
Oxen  and  the  Sheep,  and  which  is  by  high  authorities  regarded  as  pro¬ 
perly  referable  to  the  latter.  lire  body  of  the  Musk-ox  is  massive,  with 
very  short  legs  and  a  short  tail  ;  the  hair  long ;  the  nose  hairy  :  and  the 
horns  of  the  males  very  wide,  bent  downwards  along  the  side  of  the  head, 
and  then  bent  outwards  and  upwards.  At  present  the  Musk-ox  is  con¬ 
fined  to  Arctic  America  north  of  latitude  6o° ;  but  it  formerly  ranged  over 
Northern  Asia,  as  well  as  over  Northern  and  Central  Europe. 

As  regards  their  distribution  in  time ,  the  Cavicorn  Ruminants 
are  apparently  a  modern  type,  the  earliest  forms  appearing  in 
the  Miocene  or  in  the  beginning  of  the  Pliocene  period. 
Among  the  more  remarkable  extinct  types  may  be  mentioned 
the  gigantic  four-homed  Antelopes  from  the  Pliocene  deposits 
of  India,  upon  which  the  genus  Siva  (her i uni  has  been  founded. 
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CHAPTER  LXIX. 

DINOCERATA ,  TILLODONTIA,  AND  TOXODONTIA. 

Order  VII.  Dinocerata. —  This  order  comprises  certain 
extraordinary  extinct  Mammals  from  the  Eocene  of  North 
America,  which  are  regarded  by  Prof.  Cope  as  an  aberrant 
group  of  Ungulates ,  whilst  Prof.  Marsh  considers  them  as  a 
distinct  order  intermediate  between  the  Perissodactyle  Ungulates 
and  the  Proboscidea. 

The  members  of  this  order  are  all  of  gigantic  dimensions, 
and  of  massive  construction.  Both  the  hind-feet  and  forefeet 
possessed  five  well-developed  toes.  The  nasal  bones  were  elongated, 
and  do  not  seem  to  have  supported  a  proboscis.  The  cranium 
carries  three  pairs  of  horn-cores ,  which  were  probably  envel¬ 
oped  in  horny  sheaths.  There  are  no  upper  incisors ,  and  the 
nPPc'  canines  have  the  form  of  long  tusks  directed  downwards 
( 1  hese  characters  are  taken  from  Dinoceras ,  the  best-known 
genus  of  the  group.)  The  order  is  distinguished  from  the 
Proboscidea  by  the  absence  of  upper  incisors,  the  presence  of 
canines,  the  possession  of  three  pairs  of  horn-cores,  and  the 
absence  of  a  proboscis. 

In  Dinoceras  itself,  which  may  be  taken  as  the  type  of  the 
group,  we  have  a  large  animal  equal  in  dimensions  to  the 
living  Elephants,  which  it  resembles  also  in  the  osteology 
of  its  limbs,  in  most  essential  respects.  It  is  in  the  skull 
(ng.  501)  and  dentition,  however,  that  the  most  striking  pecu¬ 
liarities  of  Dinoceras  are  to  be  found.  As  regards  the  denti¬ 
tion,  the  front  of  the  upper  jaw  was  destitute  of  incisors,  and 
probably  carried  a  palatine  pad,  but  there  were  two  very  lame 
canines  in  the  form  of  tusks  directed  perpendicularly  down¬ 
wards;  and  there  was  also  a  series  of  six  small  grinders  on  each 
side.  In  the  lower  jaw  are  six  incisors,  small  canines,  and  twelve 
praemolars  and  molars,  six  on  each  side.  The  dental  formula 
is  thus — 


Superiorly  each  maxillary  bone  carried  a  well-developed  pro¬ 
cess,  probably  of  the  nature  of  a  horn-core.  The  nasals  sup¬ 
port  two  similar  but  smaller  horn-cores  ;  and  the  frontals  and 
parietals  carried  posteriorly  two  larger  bony  projections,  most 
probably  also  of  the  nature  of  horn-cores.  The  animal  thus 
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possessed  three  pairs  of  horns,  one  carried  by  the  upper  jaw¬ 
bones,  one  by  the  nasals,  and  one  by  the  frontal  bones  ;  though 
it  is  possible  that  some  or  all  of  these  cores  were  simply 
covered  by  a  callous  integument.  The  nasal  bones  are  long, 


Fig.  501. — Skull  of  Diiioceras  mirabile ,  after  Marsh.  From  the  Eocene  Tertiary. 


and  there  is  no  evidence  of  any  proboscis;  but  there  are 
peculiar  prrenasal  ossifications.  The  limbs  are  short,  the  fore¬ 
legs  shorter  than  the  hind-legs ;  and  the  femur  was  not  pro¬ 
vided  with  a  third  trochanter.  The  tail  is  short  and  slender. 

As  regards  the  mental  powers  of  Dinoceras ,  Prof.  Marsh  re¬ 
marks  :  “  The  brain-cavity  of  Dinoceras  is  perhaps  the  most 
remarkable  feature  in  this  remarkable  genus.  It  proves  con¬ 
clusively  that  the  brain  was  proportionately  smaller  than  in  any 
other  known  Mammal,  recent  or  fossil,  and  even  less  than  in 
some  reptiles.  It  is,  in  fact,  the  most  reptilian  brain  in  any 
known  Mammal.  In  D.  mirabile ,  the  entire  brain  was  actu¬ 
ally  so  diminutive  that  it  could  apparently  have  been  drawn 
through  the  neural  canal  of  all  the  praesacral  vertebra;,  cer¬ 
tainly  through  the  cervicals  and  lumbars.” 

The  three  genera  which  are  included  amongst  the  Dinocerata 
by  Marsh  are  Dinoceras ,  Dinoceras ,  and  Uintatherium.  All 
the  remains  of  this  singular  group  which  have  hitherto  been 
brought  to  light,  are  from  the  Eocene  rocks  of  North  America. 

Order  VIII.  Tillodontia. — This  order  has  been  estab- 
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lished  by  Prof.  Marsh  for  the  reception  of  some  singular  Mam¬ 
mals  from  the  Eocene  Tertiary  of  the  United  States.  The 
following  are  the  characters  of  the  order,  so  far  as  published  • 
T/ie  molar  teeth  have  grinding  crowns,  as  in  Ungulates,  and  may 
have  distinct  roots ,  or  may  grata  from  permanent  pulps  ;  small 
canines  are  present  in  both  jaws  ;  and  each  jaw  carries  two  Ion g 
scalpriform  incisors,  resembling  those  of  Rodents  in  form  and  in 
growing  from  persistent  pulps.  The  feet  are  plantigrade  and 
pentadadyle,  and  the  digits  were  apparently  unguiculate.  The 
femur -  has  a  third  trochanter,  and  the  radius  and  ulna  and  tibia 
and  fibula  are  distinct  bones. 

1  he  order  includes  two  distinct  families,— one,  the  Tillothe- 
c/  /•  ha/ing  molar  teet]l  distinct  roots  ;  whilst  the  other, 
trtyhnodontidce,  possessed  rootless  molars,  which  grew  from 
persistent  pulps.  All  the  known  forms  of  the  order  are  from 
t  le  Eocene  I  ertiary,  and  the  typical  species  seem  to  have 
been  from  one-half  to  two-thirds  of  the  size  of  the  Tapir. 

I  he  type-genus  of  the  order  is  Tillothenutn ,  which  presents 
a  lemarkable  combination  of  the  characters  of  the  Uiwulata 
Rodentia ,  and  Carnivora.  The  general  form  of  the  skeleton 
most  closely  resembles  that  of  the  Carnivores,  the  skull  being 


like  that  of  the  Bears  in  many  respects,  whilst  the  feet  are  five¬ 
toed,  with  the  whole  sole  applied  to  the  ground,  and  having 
ungual  phalanges  similar  to  those  of  the  Ursidce.  The  brain- 
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cavity  is  of  small  size,  and  the  cerebral  hemispheres  did  not 
extend  over  the  cerebellum  or  the  olfactory  lobes.  The  orbits 
are  not  complete,  but  open  into  the  temporal  fossse.  The 
prsemolars  and  molars  have  grinding  crowns,  the  canines  are  of 
small  size,  and  the  prsemaxillse  carried  a  pair  of  large  scalpri- 
form  incisors  (fig.  502),  which  resemble  those  of  the  Rodents 
in  having  chisel-shaped  crowns,  and  in  growing  throughout 
the  life  of  the  animal.  As  in  Rodents,  there  is  a  correspond¬ 
ing  pair  of  scalpriform  incisors  in  the  lower  jaw.  The  dental 
formula  is — 

•  1 — 1  1 — 1  x  3 — 3  3 — 3 

1  - ;  c - ;  pm  0  J  ;  m  °  —  =  30. 

1  —  1  1  — 1  2—2  3—3 

Order  IX.  Toxodontia.- — This  order  includes  certain  large 
extinct  Mammals  from  the  later  Tertiary  deposits  of  South 
America,  the  true  systematic  position  of  which  is  still  very 
doubtful,  since  they  present  affinities  to  the  Ungulate r,  the 
Rodents,  and  the  Edentates.  The  skull  is  massive  and  the 
dentition  is  very  peculiar.  The  molars  and  prsemolars  are 
bent  so  as  to  be  strongly  convex  outwards  and  concave  inwards, 
with  flat  grinding-surfaces  (fig.  503),  and  presenting  the  pecu- 


Fig.  503. — A,  Right  upper  jaw  of  Toxodon  Burtneisten ,  and  (B)  left  lower  jaw  of  the 
same;  c  Lower  canine.  (After  Burmeister.)  Greatly  reduced  in  size. 


liarity  that  they  are  rootless  and  grow  from  persistent  pulps. 
Canines  are  present  in  the  lower  jaw,  but  are  of  very  small 
size  (fig.  503,  c),  and  are  placed  in  the  interval  between  the  in¬ 
cisors  and  prsemolars.  In  the  upper  jaw  only  the  sockets  for 
the  canines  are  left.  There  are  four  upper  and  six  lower 
incisors,  which  are  separated  by  a  wide  diastema  from  the 
prsemolars.  The  dental  formula  is — 


o — o 
c  ; 
1 — 1 


pm 


-4  .  m  3 — 3  =  3g. 
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I  here  is  no  third  trochanter  to  the  femur,  but  the  structure 
of  the  manus  and  pes  is  quite  unknown. 

The  only  known  genera  are  Toxodon  and  Nesodon. 


CHAPTER  LXX. 

HYRACOIDEA  AND  PROBOSCIDEA. 

Order  X.  Hyracoidea. — This  is  a  very  small  order  which 
has  been  constituted  by  Huxley  for  the  reception  of  two  or 
three  little  animals,  which  make  up  the  single  genus  Hyrax. 
These  have  been  usually  placed  in  the  immediate  neighbour¬ 
hood  of  the  Rhinoceroses,  to  which  they  have  some  decided 
affinities,  and  they  are  still  retained  by  Owen  in  the  section  of 
the  Perissodactyle  Ungulates. 

The  order  is  distinguished  by  the  following  characters  : 
There  are  no  canine  teeth,  and  the  incisors  of  the  upper  jaw  are 


Rig.  504.— Skull  of  Ilyra.x.  (After  Cuvier.) 


tong  and  curved ,  and  grow  from  permanent  pulps,  as  they  do  in 
the  Rodents  (such  as  the  Beaver ,  Rat,  E>c.).  The  lower  incisors 
are  directed  forwards.  The  molar  teeth  are  singularly  like  those 
of  the  Rhinoceros.  The  manus  has  four  functional  digits,  the 
pollex  being  rudimentary ;  and  the  pes  is  tridactylous.  All  the 
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toes  have  rounded  hoof-like  nails ,  with  the  exception  of  the  inner 
digit  of  the  pes ,  which  has  an  obliquely  curved  nail.  Clavicles 
are  wanting  ;  the  placenta  is  deciduate  and  zonary. 

The  species  of  Hyrax  are  small,  rabbit-like,  plantigrade 
animals,  in  which  the  body  is  covered  with  hair,  the  nose  and 
ears  are  short,  the  upper  lip  is  cleft,  and  the  tail  is  represented 
by  a  mere  tubercle.  There  are  four  upper  incisors  which 
resemble  those  of  Rodents  in  growing  throughout  the  life  of  the 
animal,  but  which  are  triangular  and  pointed,  instead  of 
having  the  form  of  quadrangular  prisms,  as  they  have  in  the 
latter.  The  outer  pair  of  incisors  fall  out  early ;  the  condyle 
of  the  mandible  is  transversely  elongated ;  and  the  lower 
incisors  are  directed  forwards.  The  dental  formula  is — 


.2 — 2  o — o  ,  4 — 4  7. — 7  , 

i  ;  c  —  ;  pm  ^  ^ ;  m  °  °  =  26. 

2—2  0—0  r  4—4  3—3 

Several  species  of  Hyrax  are  known,  but  they  resemble  one 


Fig.  505. — Skull  of  the  Indian  Elephant  ( lUephas  indicus) :  /Tusk-like  upper  incisors; 
m  Lower  jaw,  with  molars,  but  without  incisors  ;  it  Nostrils,  placed  at  the  end  of  the 
proboscis.  (After  Owen.) 


another  in  all  essential  particulars,  and,  with  the  exception  of 
//.  syriacus,  they  are  exclusively  conti ned  to  Africa.  They 
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are  all  gregarious  little  animals,  living  in  holes  of  the  rocks, 
and  capable  of  domestication.  The  “coney”  of  Scripture  is 
believed  to  be  the  Hyrax  syriacus ,  which  occurs  in  the  rocky 
parts  of  Syria  and  Palestine.  Another  species — the  Hyrax 
capensis,  or  “Klipdas”  (“badger  of  the  cliffs  ”)— occurs  com¬ 
monly  in  South  Africa,  and  is  known  by  the  colonists  as  the 
“  badger.” 

No  fossil  remains  have  as  yet  been  discovered  which  can 
with  certainty  be  referred  to  this  order. 

Order  XI.  Proboscidea. — The  eleventh  order  of  Mammals 
is  that  of  the  Proboscidea,  comprising  no  other  living  animals 
except  the  Elephants,  but  including  also  the  extinct  genera 
Mastodon  and  Deinotherium. 

The  Proboscidea  are  characterised  by  being  large  terrestrial 
Mammals,  with  massive  bodies, 
the  skin  thick  and  sparsely 
haired.  The  nose  is  prolonged 
into  a  cylindrical  “  trunk  ”  or 
“ proboscis ,”  at  the  extremity  of 
which  the  nostrils  are  situated. 

The  feet  are  five-toed,  and  the 
extremities  of  the  digits  ( some  or 
all)  are  incased  in  hoofs.  In  the 
living  forms  thei'e  are  no  lower 
incisors,  but  there  are  two  upper 
incisors,  which  grow  from  per¬ 
manent  pulps,  and  constitute  long 
“  tusks.”  Canines  are  entirely 


absent  in  both  jaws ;  and  the 
molar  teeth  are  few  in  number, 
large ,  and  transversely  ridged 
or  tuberculate.  Clavicles  are 
wanting.  The  testes  are  abdo¬ 
minal,  and  there  are  two  mam¬ 
mary  glands  which  are  pectoral 
in  position.  The  placenta  is 
deciduate  and  zonary. 


IV. 


III. 


in  u  icn  uauitoj  dliu 

though  some  of  the  extinct  Elephants  were  of  no  great  size, 


they  are  all  massively  constructed  animals,  with  the  limbs  very 
stout,  and  the  femur  nearly  vertical.  The  fibula  is  complete 
and  distinct  from  the  tibia,  and  the  femur  is  not  furnished 
with  a  third  trochanter.  J  here  are  five  digits  in  both  the  fore 
ana  hind  feet  (fig.  506),  but  all  of  these  are  not,  as  a  rule,  fur- 
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nished  with  hoofs.  The  hoofs  are  placed  in  front  of  a  great 
palmar  and  plantar  pad  of  horny  skin,  upon  which  the  weight 
of  the  body  is  principally  supported. 

The  skull  in  the  Elephants  is  high  and  conical,  with  the  cranial 
sutures  more  or  less  completely  obliterated  in  the  adult.  The 
actual  brain-case  is  of  comparatively  very  small  size,  the  extent 
of  surface  necessary  for  the  attachment  of  muscles  being  secured 
by  the  development  of  great  air-sinuses  between  the  inner  and 
outer  tables  of  the  skull  (fig.  507).  Similar  air-cells  are  also  de- 


Fig.  507.  — Section  of  the  skull  of  the  Indian  Elephant  (after  Boyd  -  Dawkins  and 
Oakley):  s  Air-sinuses ;  n  Anterior  nares  ;  b  Brain-case;  m  Molar;  t  Base  of  the 
tusk. 


veloped  in  the  nasals,  prsemaxillse,  maxillae,  and  palatine  bones. 
The  nasal  bones  are  very  short  and  broad,  the  nasal  passages 
are  nearly  vertical,  and  the  anterior  nares  (fig.  507,  n)  are 
wide  and  are  placed  high  up  on  the  front  of  the  head.  The 
nose  itself  is  prolonged  into  a  great  trunk-like  “proboscis” 
(fig.  505),  which  is  composed  of  an  enormous  number  of  inter¬ 
lacing  muscular  fasciculi,  and  terminates  in  a  finger-like  pre¬ 
hensile  lobe,  below  which  are  placed  the  apertures  ot  the 
nostrils.  The  proboscis  is  highly  sensitive,  and  is  movable  in 
every  direction.  It  is  the  sole  organ  of  prehension  possessed 
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by  the  animal,  and  is  employed  in  conveying  both  food  and 
water  to  the  mouth. 

1  he  dentition  of  the  Proboscideans  consists  of  incisors  and 
molars,  canines  being  wanting  in  both  jaws.  In  the  Elephants 
the  lower  jaw  is  destitute  of  incisor  teeth  (fig.  508),  and  there 
are  only  two  upper  incisors,  which  become  greatly  developed 
and  constitute  the  “  tusks.”  The  tusks  are  the  only  teeth  in 
the  jaws  which  have  deciduous  predecessors ;  but  the  milk- 
tusks  are  early  shed,  and  never  attain  any  great  size.  The 
permanent  tusks  are  composed  of  dentine  and  cement,  some 
extinct  forms  having  an  anterior  strip  of  enamel  as  well ;  and 
they  grow  from  permanent  pulps,  and  often  attain  an  enor¬ 
mous  size,  especially  in  old  males.  The  molar  teeth  are  of 
very  large  size  (fig.  508),  and  are  composed  of  transverse  plates 


Fig.  508.— Lower  jaw  of  the  Indian  Elephant  {Ele films  indicia),  viewed  from  above 
showing  the  molar  teeth.  Greatly  reduced  in  size. 


of  enamel,  which  surround  tracts  of  dentine,  and  are  bound 
together  by  cement.  As  the  tooth  wears  down  by  use,  the 
enamel-plates  come  to  project  above  the  general  surface,  en¬ 
closing  islands  of  dentine,  the  form  of  which  varies  in  a 
characteristic  manner  in  different  species  of  Elephants.  There 
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are  six  molars  on  each  side  of  each  jaw,  the  dental  formula 
being  thus — 

■  i  —  i  o — o  6 — 6  .. 

i  ;  c  - ;  m  =  26. 

o — o  o — o  6 — 6 

Though  the  number  of  molars  on  each  side  of  each  jaw  is 
really  six,  owing  to  their  large  size,  and  the  manner  in  which 
they  succeed  each  other  in  the  jaw,  there  is  never  more  than 
one  (or  parts  of  two)  in  use  in  each  jaw  at  one  time  (fig.  508). 
The  molars  do  not,  in  fact,  succeed  one  another  vertically ; 
but  they  come  into  place  successively  from  behind  forwards. 
Thus  the  whole  series  of  molars  gradually  moves  forwards  in 
the  jaw,  and  the  place  of  each  tooth,  as  it  slowly  advances,  is 
taken  by  the  tooth  next  behind  it  in  the  series,  all  but  the 
penultimate  molar  being  lost  when  the  last  cuts  the  gum. 

The  only  existing  Proboscideans  are  the  Elephants,  of  which 
there  are  only  two  living  species,  the  African  and  the  Indian 
Elephant,  both  confined  to  the  tropical  regions  of  the  Old 
World,  in  the  forests  of  which  they  live  in  herds.  They  are 
strictly  phytophagous,  living  upon  grass  or  the  foliage  of 
shrubs  and  trees,  which  they  strip  off  by  means  of  the  pre¬ 
hensile  trunk.  As  the  tusks  prevent  the  animal  from  drinking 
in  the  ordinary  manner,  the  water  is  sucked  up  by  the  trunk, 
which  is  then  inserted  into  the  mouth,  into  which  it  empties  its 
contents.  The  Elephants  are  uniparous,  and  the  period  of 
gestation  is  rather  more  than  twenty  months. 


The  Indian  Elephant  {Euelepkas,  or  Elepkas ,  inJicus )  is  a  native  of 
India,  Ceylon,  Bunnah,  Siam,  Cochin-China,  the  Malay  Peninsula,  and 
Sumatra.  The  Ceylon  variety  has  sometimes  been  regarded  as  a  distinct 
species.  The  Indian  Elephant  is  distinguished  by  its  concave  forehead, 
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the  comparatively  small  size  of  the  ears,  the  possession  of  five  hoofs  on  the 
manus  and  four  hoofs  on  the  pes,  and  the  fact  that  the  enamel-folds  of  the 
molars  (fig.  509,  A)  are  narrow  and  parallel.  The  general  colour  of  the  skin 
is  pale  brown,  the  so-called  “\\  hite  Elephants  ”  being  merely  albinos.  The 
tusks  of  the  males  are  well  developed,  and  grow  to  a  length  of  six  or  seven 
feet,  and  a  weight  of  sixty  or  seventy  pounds,  or  more. 

The  African  Elephant  ( Loxodon ,  or  Elephas ,  africanus)  inhabits  Africa, 
south  of  the  Sahara,  and  formerly  extended  its  range  as  far  as  Cape  Colony. 
It  is  distinguished  by  its  strongly  convex  forehead,  its  great  flapping  ears, 
the  possession  of  four  hoofs  on  the  manus  and  three  hoofs  on  the  pes,  and 
the  fact  that  the  enamel-folds  of  the  molar  teeth  (fig.  509,  B)  are  lozenge- 
shaped.  The  African  Elephant  is  not  now  domesticated,  but  is  largely 
hunted  for  the  sake  of  the  tusks,  these  being  developed  in  both  sexes,  but 
being  smaller  in  the  females  than  in  the  males. 

The  true  Elephants  are  characterised  by  the  flat,  transversely- 
ridged  crowns  of  the  molar  teeth.  In  the  extinct  genus  Mas¬ 
todon  (fig.  510)  the  general  characters  resemble  those  of  the 


tig.  510. — A,  Skull  of  Mastodon  giganteum  ;  B,  Side  view  of 
of  Mastodon  giganteum.  (After  Owen.) 


e  view  of  the  second  true  molar 


Elephants,  but  the  crowns  of  the  molar  teeth  present  nipple¬ 
shaped  tubercles  arranged  in  pairs.  The  two  upper  incisors 
of  the  Mastodons  were  developed  into  long  tusks,  and  lower 
incisors  are  usually  wanting,  as  in  recent  Elephants  ;  but  in 
some  cases  two  lower  incisors  were  present  in  addition. 

In  the  genus  Deinotherium ,  which  is  usually  referred  to  the 
order  Proboscidea ,  there  were  no  upper  incisors,  but  the  lower 
jaw  is  bent  downwards  towards  its  symphysis  (fig.  5 1 1 ),  and  it 
carries  two  long  tusk-like  incisors.  Canines  were  wanting  in 
both  jaws,  and  there  were  two  praemolars  and  three  molars  on 
each  side  of  each  jaw.  The  grinders  are  crossed  by  strong 
transverse  ridges  (fig.  512),  which  give  them  a  distinctly 
1  apiroid  character.  The  species  of  Deinotherium  attained 
gigantic  dimensions,  the  general  structure  of  the  skeleton 
resembling  that  of  the  Elephants. 
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As  regards  the  distribution  in  time  of  the  Proboscideans,  the 
genus  Deinotherium  is  characteristic  of  the  Middle  Tertiary 
or  Miocene  period.  The  Mastodons  begin  in  the  Miocene 


Fig.  511.  —  Skull  of  Deinotherium 
giganteum.  Miocene  Tertiary. 


Fig.  512. — A,  Side-view  of  the  third 
molar  of  Deinotheriutn  giganteum  ; 
B,  Grinding  surface  of  the  same. 
Miocene  Tertiary.  (After  Kaup.) 


period,  but  they  are  also  found  in  the  Pliocene  deposits,  and 
survived  into  the  Quaternary  period.  True  Elephants  appear 
for  the  first  time  in  the  Siwalik  deposits  of  India,  and  Europe 
possessed  well-known  types  of  Elephants  in  Pliocene  times 
(E.  meridionalis  and  E.  priscus).  The  best  known,  as  well  as 
the  most  modern,  of  the  extinct  Elephants  is  the  Mammoth 
(. Elephas primigenius ),  which  formerly  ranged  over  the  whole  of 
Northern  Asia  and  Europe,  and  unquestionably  survived  into 
the  human  period.  By  the  discovery  of  the  bodies  of  Mam¬ 
moths  embedded  in  the  frozen  soil  of  Siberia,  we  know  that 
this  remarkable  Elephant  was  furnished  with  a  covering  of 
long  woolly  hair. 


CHAPTER  LXX I. 


CA  RNIVORA. 


Order  XII.  Carnivora.  —  The  order  of  the  Carnivora — 
the  Ferce  of  many  writers — comprises  the  Beasts  of  Prey, 
which  are  characterised  as  hairy  Mammals ,  in  which  the  toes 
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are  furnished  701th  claws  ( much  reduced  in  Seals),  and  the 
clavicles  are  rudimentary  or  absent.  There  are  two  sets  of 
enamelled  teeth,  which  are  always  of  three  kinds — incisors, 
canines,  and  molars — and  70/uch  differ  from  another  in  shape 
and  size.  The  incisors  are  never  more  than  three  on  each  side  of 
each  jaio,  and  the  canines  are  always  longer  and  more  pointed 
than  the  incisors.  Some  of  the  prcemolars  and  molars  are  usually 
furnished  with  cutting  or  trenchant  edges,  and  the  condyle  of  the 
lower  jaw  is  transversely  elongated.  The  orbits  are  not  separ¬ 
ated  from  the  temporal  fosses,  and  the  facial  region  of  the  skull 
is  usually  short.  The  intestine  is  comparatively  short,  and  the 
stomach  is  simple.  The  mammary  glands  are  abdominal,  and 
the  placenta  is  deciduate  and  zonary. 

I  he  Carnivora  are  adapted  by  their  organisation  for  a  rap¬ 
torial  life,  and  for  a  more  or  less  exclusively  carnivorous  diet, 
though  in  exceptional  cases  the  food  is  not  of  an  animal 
nature  at  all.  1  he  adaptation  here  spoken  of  is  especially 
conspicuous  as  regards  the  structure  of  the  skull  and  the  form 
ot  the  teeth.  Ihe  skull  (fig.  513)  generally  possesses  a  more 


^  5X3‘  Skull  of  the  Lion,  viewed  from  above,  one-fourth  of  the  natural  size,  showing 

the  sagittal  crest,  the  wide  zygomatic  arches,  and  the  incomplete  orbits. 

or  less  marked  sagittal  crest  serving  for  the  attachment  of  the 
powerful  muscles  of  mastication.  The  orbits  are  continuous 
with  the  zygomatic  fossae  ;  and  the  latter  are  very  wide,  so  as  to 
accommodate  the  powerful  temporal  and  masseter  muscles  • 
the  coronoid  process  of  the  mandible,  to  which  the  former 
of  these  muscles  is  attached,  being  unusually  strong  and  high. 
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The  condyle  of  the  lower  jaw  is  transversely  elongated,  so  as 
to  limit,  or  entirely  prevent,  movement  of  the  jaw  in  any 
direction  except  a  vertical  one.  The  “  tentorium,”  or  fold  of 
the  dura  mater  separating  the  cerebellum  from  the  cerebrum, 
is  ossified. 

The  teeth  are  simple,  their  crowns  covered  with  enamel, 
and  all  three  kinds  of  teeth  are  present.  Except  in  some  Seals, 
there  are  always  three  incisors  on  each  side  of  each  jaw.  The 
canines  are  always  long  and  pointed.  The  crowns  of  the  pne- 
rnolar  teeth  and  of  the  first  lower  molar  are  typically  sharp- 
edged  and  trenchant,  but  they  graduate  from  a  cutting  to  a 
tuberculate  form  according  as  the  diet  is  strictly  of  an  animal 
nature,  or  becomes  more  or  less  miscellaneous. 

In  the  typical  and  most  highly  specialised  Carnivores  (such 
as  the  Felicia),  the  last  pnemolar  in  the  upper  jaw,  and  the 
first  molar  in  the  lower  jaw  (fig.  514 ,  pm'  and  in)  are  specially 


Fig.  514. — Permanent  dentition  of  the  Lion  (Felis  leo).  In  the  upper  jaw  the  letter  /•* 
indicates  the  upper  carnassial,  while  in  the  lower  jaw  the  letter  ttt  indicates  the 
lower  carnassial. 


developed,  and  are  known  as  the  “carnassial”  teeth,  having  a 
sharp  cutting-edge ;  whereas  in  other  cases  the  corresponding 
teeth  are  blunt  and  “  tuberculated.”  Even  in  their  most  tren¬ 
chant  condition,  the  carnassial  tooth  commonly  has  a  more  or 
less  developed  tuberculated  process,  or  “  heel,”  on  the  inside  of 
its  cutting-edge.  In  various  Carnivores  a  number,  or  all,  of 
the  prsemolars  and  molars  may  be  “  tuberculate,”  their  crowns 
being  adapted  for  bruising  rather  than  cutting.  As  a  general 
rule,'  the  shorter  the  jaw,  and  the  fewer  the  prremolars  and 
molars,  the  more  carnivorous  is  the  animal. 

Clavicles  are  wanting,  or  are  rudimentary,  in  all  the  Carnivora. 
The  radius  and  ulna  and  tibia  and  fibula  are  complete,  and 
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there  are  usually  five  digits  to  the  feet.  The  digits  are 
terminated  by  claws,  the  length  and  sharpness  of  which  are 
generally  in  proportion  to  the  degree  in  which  the  animal  is 
strictly  carnivorous.  In  the  aquatic  Carnivores  ( Pinnipedia ), 
however,  the  claws  are  small  or  rudimentary.  The  structure 
of  the  feet  varies  in  different  groups  of  Carnivora.  In  the 
aquatic  Carnivores  (Seals  and  Walruses),  the  limbs  are  short, 
and  the  toes  are  united  by  the  skin,  thus  converting  the  feet 
into  swimming-paddles  (fig.  515,  B).  In  the  Bears  and  various 
other  forms  of  the  order,  the  animal  is  “  plantigrade,”  the  foot 


Fig.  515-— Feet  of  Carnivora  (after  Owen,.  A,  Plantigrada,  Foot  of  Bear 
B,  Pinnigrada,  Hind-feet  of  Seal ;  C,  Digitigrada ,  Foot  of  Lion. 


being  so  constructed  that  the  sole  is  wholly  or  in  great  part 
applied  to  the  ground  (fig.  515,  A).  On  the  other  hand,  in  the 
Cats,  Dogs,  and  Hyaenas,  the  animal  is  “  digitigrade,”  walk¬ 
ing  on  the  phalanges  of  the  toes,  the  metacarpal  and  meta¬ 
tarsal  bones  being  nearly  vertical  and  not  touching  the  ground 
at  all  (fig.  515,  C). 

The  organs  of  hearing,  smell,  and  vision  are  very  highly 
developed  in  the  Carnivora.  The  sense  of  taste  is  less  de¬ 
veloped,  the  papillae  of  the  tongue  being  often  horny,  enabling 
this  organ  to  act  mechanically,  as  a  rasp,  in  licking  the  flesh 
off  bones.  Lastly,  the  skin  in  the  Carnivora  is  very  loosely 
attached  to  the  subcutaneous  structures. 

As  regards  their  distribution  in  space ,  the  Carnivora  are 
found  more  or  less  abundantly  in  all  the  great  zoological  pro¬ 
vinces,  with  the  exception  of  the  Australian.  Australia  itself 
possesses  the  Dingo,  but  it  is  questionable  if  this  is  truly  in¬ 
digenous ;  while  New  Zealand  and  the  various  islands  in- 


8 1 6 


MANUAL  OF  ZOOLOGY. 


eluded  in  the  Australian  province  seem  to  be  wholly  without 
native  Carnivores. 

As  regards  their  distribution  in  time ,  the  earliest  types  of  the 
order  make  their  appearance  in  the  later  Eocene  deposits 
(Galecynus) ;  and  the  leading  modern  groups  of  the  Carnivora 
are  represented  in  the  Miocene  Tertiary.  The  Ursidoe  (Bears) 
appear  in  the  Miocene  ( Hycenarctos ),  and  various  forms  of 
Urstis  itself  are  found  in  the  Pliocene  and  Post-pliocene. 
The  Civet-cats  ( Viverridce. )  appear  in  the  Upper  Eocene 
( Tylodon  and  Palceonyctis) ;  and  the  Miocene  genus  Ictithe- 
rium  seems  to  connect  the  Civet-cats  with  the  Hyaenas. 
The  great  group  of  the  Canidce  is  known  by  various  fossil 
forms,  of  which  the  Amphicyon  of  the  Miocene  Tertiary  is 
one  of  the  most  interesting,  its  plantigrade  foot  bringing  it 
into  relation  with  the  Bears.  True  Hyaenas  appear  to  have 
existed  in  the  late  Miocene  (Pliocene)  deposits.  Lastly,  the 
Felidce  (Cats)  commence  in  the  Upper  Eocene,  and  are  rep¬ 
resented  in  the  Miocene  deposits  by  numerous  forms.  One 
of  the  most  remarkable  of  the  extinct  Felidce  is  the  genus 
Machairodus,  comprising  the  so-called  “Sabre-toothed  Tigers,'’ 
in  which  the  huge  canines  are  compressed  and  sabre-shaped, 
and  have  finely  serrated  margins. 

As  regards  the  classification  of  the  Carnivora ,  the  order  has 
often  been  divided  in  accordance  with  the  structure  of  the 
feet  into  the  three  groups  of  the  Pinnipedia,  Plantigrada,  and 
Digitigrada.  A  more  natural  arrangement,  however,  is  to 
divide  the  order  into  the  two  primary  sections,  or  sub-orders, 
of  the  Pinnipedia  and  Fissipedia ,  the  former  comprising  the 
aquatic  Seals  and  Walruses,  while  all  the  ordinary  terrestrial 
Carnivores  are  included  in  the  latter. 


Pinnipedia. 

Sub-order  I.  Pinnipedia.  —  This  division  comprises  the 
Seals  and  Walruses,  characterised  by  their  adaptation  to  an 
aquatic  mode  of  life.  The  body  (fig.  516)  is  elongated, 
covered  with  a  short  dense  fur,  more  or  less  largely  inter¬ 
spersed  in  many  cases  with  long  harsh  hairs,  and  terminated 
posteriorly  by  a  short  conical  tail.  All  the  four  limbs  are 
present,  but  are  very  short,  and  have  the  digits  united  by  the 
skin  so  as  to  form  swimming-paddles.  The  feet  have  five  toes 
each,  but  the  nails  are  small  or  almost  wanting.  The  hind- 
feet  of  the  typical  Seals  are  placed  far  back,  nearly  in  a  line 
with  the  axis  of  the  body  (fig.  516),  and  are  more  or  less 
closely  bound  down  by  the  integuments  to  the  tail.  The 


CARNIVORA. 


8i; 


hind-limbs  are  thus  admirably  adapted  for  swimming,  but 
little  suited  for  terrestrial  progression.  The  ordinary  Seals, 
in  fact,  can  only  drag  themselves  laboriously  along,  when  on 


Fig.  516.— The  Greenland  Seal  (. Phoca  gmnlandica). 


the  land,  chiefly  by  the  contractions  of  the  abdominal  muscles. 
On  the  other  hand,  the  Eared  Seals  ( Otariada )  and  the 
\\  alruses  have  the  hind-limbs  less  closely  pinned  down,  and 
not  directed  backwards  in  the  axis  of  the  body,  and  thus  can 
move  upon  the  land  with  considerable  freedom. 

The  skull  of  the  Pinnipedes  is  more  or  less  smooth  and 
free  from  muscular  ridges,  the  brain-case  and  orbits  being  of 
large  size.  The  hinder  part  of  the  skull  is  broad  and  rounded, 
but  the  interorbital  region  is  much  contracted.  The  denti¬ 
tion  varies,  but  teeth  of  three  kinds  are  always  present,  in  the 
young  animal  at  any  rate.  1  he  canines  are  always  long  and 
pointed,  and  the  prasmolars  and  molars  (except  in  the  Wal¬ 
ruses)  have  serrated  crowns.  The  lower  incisors  may  be 
reduced  to  four  or  to  two  in  number,  or  may  even  be  wanting 
Q\  alrus) ;  and  the  upper  incisors  may  fall  below  the  normal 
six.  The  dental  formula  of  the  common  Seal  (fig.  517)  is _ 


i 


pm  ^  “1  • 

4—4 


=  34- 


The  Seals  have  a  thick  layer  of  fat  below  the  skin.  In  the 
Eared  Seals  alone  is  the  ear  furnished  with  a  small  pinna,  all 
the  other  members  of  the  group  having  the  ears  only  indi¬ 
cated  by  small  external  apertures,  which  can  be  closed  when 
the  animal  is  under  water.  The  lungs  are  remarkably  capa¬ 
cious,  and  submersion  for  proportionately  long  periods  can 
be  borne  without  injury.  The  intestine  is  much  longer  than 


SiS 


MANUAL  OF  ZOOLOGY. 


in  the  typical  Carnivores,  sometimes  reaching  fifteen  times 
the  length  of  the  body,  and  the  food  consists  of  fishes,  shell¬ 
fish,  and  other  marine  animals. 

The  section  Pinnipedia  includes  the  three  families  of  the 


Earless  Seals  ( Phocida ),  the  Eared  Seals  ( Otari  add),  and  the 
Walruses  ( Trichechida). 

The  typical  Seals  ( Phocida )  are  distinguished  from  the  Walruses  by  the 
presence  of  incisor  teeth  in  both  jaws,  and  by  canines  of  moderate  size ; 
while  the  absence  of  ears  and  the  inability  to  use  the  hind-limbs  on  land 
separate  them  from  the  Otariadce.  They  form  a  very  numerous  family,  of 
which  species  are  found  in  almost  every  sea  out  of  the  limits  of  the 
tropics.  They  abound,  however,  especially  in  the  seas  of  the  Arctic  and 
Antarctic  regions.  They  live  for  the  most  part  upon  fish,  and  when 
awake,  spend  the  greater  part  of  their  time  in  the  water,  only  coming  on 
land  to  bask  and  sleep  in  the  sun,  and  to  bring  forth  their  young.  They 
appear  to  be  universally  polygamous.  The  body  is  covered  with  a  short 
fur,  interspersed  with  long  bristly  hairs  ;  and  the  lips  are  furnished  with 
long  whiskers,  which  act  as  organs  of  touch.  The  Seals  are  very  largely 
captured  for  the  sake  of  their  blubber. 

The  only  common  British  Seal  is  the  Phoca  viltilitia,  which  occurs  not 
uncommonly  on  the  northern  shores  of  Scotland,  and  ranges  over  almost 
the  whole  of  the  shores  washed  by  the  North  Atlantic  and  the  seas  of 
Greenland.  It  is  yellowish -grey  in  colour,  and  measures  from  three  to 
five  feet  in  length.  Other  Seals  attain  a  much  greater  length — the  Great 
Seal  measuring  from  eight  to  ten  feet,  and  the  Elephant  Seal  [Macro- 
r hin ns),  of  the  South  Pacific,  reaching  a  length  of  twenty  feet. 

The  Eared  Seals  or  Sea-lions  ( Otariadie)  differ  from  the  typical  Seals  in 
the  possession  of  small  conical  ears,  and  in  the  much  greater  freedom  of  the 
limbs,  enabling  the  animal  to  walk  with  comparative  ease  on  land.  The 
Eared  Seals  are  principally  found  on  the  shores  of  the  continents  and 
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islands  washed  by  the  Pacific ;  but  they  are  also  found  in  the  extreme 
outhern  part  of  the  Atlantic  as  far  northwards  as  the  mouth  of  the  Rio 

w,dU-nnV :mA]g.,l.he  ^SOUScin^yestinK  f01.ms  included  in  this  family,  the 
but  n-ir  V  -n  aS\an  U1  ‘Sea  {Callorhinus  ursinus)  may  be  mentioned, 
“ n'V'!  not  Permi.t  an  account  of  its  habits  and  of  the  remarkable 
phenomena  connected  with  its  reproduction. 

onlvhtehehW,lfamily^th<;  Pi’miPedi“  is  ‘hat  of  the  Trichechidm,  comprising 
viz  the  A  ,USetS  °n,y  two  sPecies  of  Walrus  are  known 

mid  the  P,e  wC,  a  T  Morse  C7 nchechus,  or  Odobcenus,  rosmarus), 
and  the  Pacific  Walrus  ( T.  obesm).  The  chief  peculiarities  of  this  family 


young  animal ;  C,  Lower  jaw  and  denriSSSV*^ 


as  compared  with  the  preceding  groups,  are  found  in  the  dentition,  which, 
owing  to  the  early  disappearance  of  certain  of  the  teeth  and  to  the  common 
occurrence  of  individual  variations,  has  been  differently  described  by  dif- 
ferent  observers.  According  to  Mr  Allen,  whose  views  are  essentially  in 
accord  with  those  of  I  rofessor  Flower,  the  dental  formula  for  the  milk- 
dentition  of  the  Walrus  is — 


*--3.  ,»-i 

3—3  1  — 1 


m  ^  4_,2 
4-4 


The  dental  formula  for  the  permanent  dentition,  on  the  other  hand,  is— 


.  1  —  1 


.  I — I 
I  —  1 


pm 


4—4  . 


m  =26. 

1  —  I 


0—0  1  — 1  •  4__4 

The  special  peculiarities  of  the  permanent  dentition  of  the  Walruses  are— 
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(i)  The  whole  of  the  lower  incisors  disappear  in  the  adult,  as  do  all  the 
upper  incisors  except  the  outermost  incisor  on  each  side.  (2)  The  upper 
canines  are  enormously  developed,  growing  from  permanent  pulps  to  a 
length  of  a  foot  or  a  foot  and  a  half,  and  being  directed  downwards  so  as 
to  project  far  below  the  chin  (fig.  518,  A).  (3)  The  lower  canines  are 

small,  and  are  like  the  prpemolars  in  form.  (4)  The  last  upper  praemolar 
and  the  upper  molar  usually  disappear  in  the  adult,  as  also  does  the  lower 
molar  on  each  side. 

Except  as  regards  the  dentition  and  the  absence  of  external  ears,  the 
Walruses  agree  in  most  respects  with  the  Eared  Seals,  especially  in  the 
comparative  freedom  of  the  limbs.  They  are  large  and  heavy  animals, 
attaining  a  length  of  ten  or  fifteen  feet  or  upwards.  The  body  is  covered 
with  short  hair,  and  the  face  bears  many  long  stiff  bristles.  The  great 
tusk-like  upper  canines  are  employed  as  weapons  of  offence  and  defence, 
and  for  digging  up  burrowing  shell-fish  out  of  the  sand  or  mud  of  the  sea- 
bottom  ;  and  they  are  also  used  to  assist  the  unwieldy  animal  in  getting 
out  of  the  water  upon  the  ice.  The  Atlantic  Walrus  is  abundant  in  the 
Arctic  seas,  living  in  herds  ;  the  Pacific  Walrus  being  found  in  correspond¬ 
ing  latitudes  on  the  western  side  of  the  American  continent. 


Fissipedia. 

Sub-order  II.  Fissipedia. — This  section  of  the  Carnivora 
includes  terrestrial  forms,  in  which  the  foot  is  adapted  tor 
walking  on  land  (rarely  webbed  for  swimming  also),  and  the 
toes  have  well -developed  claws.  The  Fissipede  Carnivores 
admit  of  a  natural  division  into  the  three  groups  of  the 
Arctoidea  (Bears  and  their  allies),  the  Cy noidea  (Dogs,  Wolves, 
&c.),  and  the  AEluroidea  (Cats,  Hyaenas,  Civets). 

Section  i.  Arctoidea. — The  forms  included  in  this  group 
have  commonly  been  spoken  of  as  the  “  Plantigrade  Car¬ 
nivora”  ( Plantigrada ),  as  they  apply  the  whole  or  the  greater 
part  of  the  soles  of  the  feet  to  the  ground  in  progression  (fig. 
519).  Except  in  the  Polar  Bear,  the  soles  of  the  feet  are 
naked ;  and  in  all  cases  there  are  five  clawed  digits  to  each 
foot.  The  tympanic  bones  are  dilated  into  “tympanic  bullae, 
but  these  are  of  comparatively  small  size,  and  are  not  divided 
into  two  by  an  internal  septum ;  while  the  external  auditory 
meatus  is  of  considerable  length.  The  intestine,  lastly,  is 
without  a  caecum. 

The  section  of  the  Arctoidea  includes  the  four  families  of 
the  Ursidce  (Bears),  the  Procyonidce  (Racoons,  Coatis,  & c.), 
the  AEluridic  (Panda),  and  the  Mustelidce  (Weasels,  Badgers, 
Otters,  &c.). 

The  typical  family  of  the  Arctoidea  is  that  of  the  Ursidce, 
including  only  the  13ears.  The  Bears  are  much  less  purely 
carnivorous  than  the  majority  of  the  Beasts  of  Prey,  and,  in 
accordance  with  their  omnivorous  habits,  the  teeth  do  not 
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exhibit  the  typical  carnivorous  characters.  The  incisors  and 
canines  have  the  ordinary  carnivorous  form,  but  the  “  carnas- 


Fig.  519.  1  he  Brown  Coati  ( Nasua/usca ),  showing  the  plantigrade  form  of  the  feet. 


sial  teeth  have  tuberculate  crowns,  instead  of  a  sharp  cutting- 
edge.  The  dental  formula  in  Ursus  (fig.  520)  is _ 


3—3 


> 


c 


1  —  1 
1  —  1 


;  pm 


4—4. 

4—4' 


=  42. 


The  dental  formula  of  the  Bears  is  thus  the  same  as  that  of  the 
Dogs  j  but  the  second  and  third  praemolars  are  small  and 
usually  deciduous,  while  the  first  praemolar  is  also  often 
caducous.  1  he  last  praemolar  and  all  the  molars  have  tuber- 
culate  crowns,  and  the  carnassials  are  not  of  specially  large 
size,  these  characters  being  equally  present  in  the  flesh-eating 
Polar  Lear  and  the  strictly  vegetarian  Sun-bear. 

1  he  skull  of  the  Bears  exhibits  fairly  well-developed  mus¬ 
cular  ridges,  and  the  muzzle  is  elongated.  The  claws  are 
formed  for  digging,  being  large,  strong,  and  curved,  but  not 
retractile.  1  he  tongue  is  smooth  ;  the  ears  small,  erect,  and 
rounded  ;  the  tail  short ;  the  nose  forms  a  movable  truncated 
snout ;  and  the  pupil  is  circular. 


822 


MANUAL  OF  ZOOLOGY. 


As  shown  by  their  smooth  tongues  and  tuberculate  molars, 
the  Bears  are  not  peculiarly  or  strictly  carnivorous.  They  eat 
flesh  when  they  can  obtain  it,  but  in  most  cases  a  great  part  of 
their  food  is  of  a  vegetable  nature. 


Fig.  520. — Dentition  of  the  Polar  Bear  ( Thalassarctos  maritimus).  The  deciduous 
second  and  third  prsemolars  have  disappeared. 

The  Bears  are  very  generally  distributed  over  the  globe,  Australia  and 
Africa  alone  having  no  representative  of  the  family.  1  he  common  Brown 
Bear  ( Ursus  arctos)  was  at  one  time  an  inhabitant  of  Britain,  and  also 
existed  over  the  whole  of  Europe.  At  the  present  day  the  Brown  Bear  is 
only  found  in  the  great  forests  of  the  north  of  Europe  and  Asia,  and  in 
the  Arctic  portions  of  North  America.  It  feeds  on  roots,  fruits,  honey, 
insects,  and,  when  it  can  obtain  them,  upon  other  Mammals.  It  attains  a 
great  age,  and  hibernates  during  the  winter  months.  Very  nearly  allied 
to  the  Brown  Bear  is  the  Black  Bear  of  America  ( Ursus  aviericamis). 
Both  are  of  some  commercial  value,  being  hunted  for  the  sake  of  their 
skins,  fat,  and  tongues.  A  much  larger  American  species  is  the  Grizzly 
Bear  ( Ursus  ferox),  found  in  many  pans  of  the  North  American  continent. 
It  is  about  twice  as  large  as  the  Black  Bear,  but,  though  largely  carnivorous, 
it  is  said  to  subsist  to  some  extent  upon  vegetable  food,  such  as  acorns. 
The  most  remarkable,  however,  of  the  Bears  is  the  great  V  hite  Bear 
(  Thalassarctos  maritimus),  which  is  exclusively  a  native  of  the  Arctic 
regions.  It  is  a  very  large  and  powerful  animal,  the  fur  of  which  is  cream- 
coloured.  The  paws  are  very  long,  and  the  soles  of  the  feet  are  covered 
with  coarse  hair,  giving  the  animal  a  firm  foothold  upon  the  ice.  rlhe 
I’olar  Bear  differs  from  the  other  Ursidcv  in  being  exclusively  carnivorous, 
since  vegetable  food  would  be  generally  unattainable.  It  is  as  much  at 
home  in  the  water  as  on  land,  and  lives  chiefly  upon  seals  and  fish,  and 
the  carcasses  of  Cetaceans. 

Amongst  the  other  Bears  may  be  mentioned  the  Sun-bears  (// elarctos ) 
of  the  Malayan  Archipelago,  the  Honey-bears  ( Prochilus  or  Melursus)  of 
India,  and  the  Spectacled  Bear  (/ Iclarctos ,  or  Trcmarctos ,  oruatus)  ot  the 
Peruvian  and  Chilian  Andes,  the  sole  representative  of  the  l  rsui<c  in 
South  America. 
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The  family  Procyomdce  includes  a  number  of  small  American 
Carnivores,  which  are  nearly  allied  to  the  Bears,  but  which 
differ  from  the  latter  in  the  greater  development  of  the  “  tym¬ 
panic  bullae,”  and  in  the  fact  that  there  is  a  molar  less  on  each 
side  of  the  lower  jaw.  The  type  of  the  group  is  the  genus 
Procyon  (the  Racoons),  in  which  the  dental  formula  is — 


> 


pin 


4—4 

4—4 


m 


=  40. 


The  Racoons  ( Procyon ,  fig.  521)  are  natives  of  tropical  and  northern 
America,  and  have  a  decided  external  resemblance  to  the  Bears.  They 
have  tolerably  long  tails,  however,  and  sharp  muzzles.  The  commonest 
species  is  the  Procyon  lotor  of  North  America,  which  derives  its  specific 


Fig.  52r-  Skull  of  Racoon  ( Procyon  lotor).  (After  Giebel.) 

name  fiorn  its  habit  of  soaking  its  food  in  water  before  eating  it.  The 
Coatis  (A'asna,  fig.  5 1 9)  are  nearly  allied  to  the  Racoons,  and  are  exclu¬ 
sively  confined  to  the  Neotropical  province,  ranging  from  Mexico  to 
Paraguay.  Die  Rinkajou  ( Cercolcptes )  is  likewise  Neotropical  in  its  range, 
and  is  ai  boi  eal  in  its  habits,  its  tail  being  prehensile.  In  general  appear¬ 
ance  it  somewhat  resembles  the  Lemurs.  Lastly,  forming  a  transition 
between  the  Procyonidm  and  the  Civets  ( Viverridce),  is  the  curious 
“  Cacomixle  ”  (Pas  saris  as  tut  a),  which  is  likewise  arboreal  in  its  habits, 
and  is  a  native  of  California,  Texas,  and  parts  of  Mexico. 

The  small  family  of  the  sElnrida  comprises  only  the  well- 
known  “Wall”  or  “Panda”  [PElurus  fulgens)  of  India  and 
Thibet,  and  the  ALluropus  of  the  latter  country.  The  former 
is  a  cat-like  animal,  chestnut-brown  above  and  black  inferiorly, 
with  a  white  face  and  ears;  and  the  latter  is  almost  completely 
white  in  colour.  Like  the  Kinkajous,  but  unlike  the  Coatis 
and  Racoons,  the  sElurus  has  semi-retractile  claws. 

The  remaining  members  of  the  Arctoid  Carnivora  are  now 
very  generally  grouped  together  to  form  a  single  family,  to 
which  the  name  of  Mustelidce  is  applied,  and  which  comprises 
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not  only  the  Weasels  and  Polecats  and  their  allies,  but  also 
the  Badgers  and  Otters.  All  these  forms  agree  in  the  fact 
that  there  is  only  a  single  upper  molar,  and  that  there  are  usu¬ 
ally  two  (never  more)  lower  molars  on  each  side.  With  hardly 
an  exception,  the  last  upper  prcemolar  (the  upper  carnassial) 
has  a  cutting-edge.  All  the  members  of  this  family,  further, 
possess  anal  glands,  which  produce  a  malodorous  secretion. 

The  Badgers  have  often  been  regarded  as  forming  a  separate 
family  {M elided).  They  differ  from  the  more  typical  Mustelidee 
in  their  completely  plantigrade  progression.  The  dental  for¬ 
mula  of  the  Badger  is  as  follows  (Baird) — 


i  —  i 
I  —  I 


=  34  (36). 


The  first  prcemolar  in  the  lower  jaw  is  very  minute,  and  is 
soon  lost ;  the  upper  carnassial  has  a  well-marked  internal 
tubercle ;  and  the  upper  molar  is  of  comparatively  large  size, 
nearly  equalling  the  carnassial  in  its  dimensions. 


The  common  Badger  {Meles  taxus),  which  may  be  regarded  as  the  type 
of  this  group,  occurs  in  Britain,  and  is  one  of  the  most  inoffensive  of  ani¬ 
mals.  It  is  nocturnal  in  its  habits,  and  is  a  very  miscellaneous  feeder,  not 
refusing  anything  edible  which  may  come  in  its  way,  though  living  mainly 
on  roots  and  fruits.  The  Badger  burrows  with  great  ease,  and  can  bite 
very  severely.  The  European  Badger  is  represented  in  the  United  States 
and  Canada  by  the  “  Siffleur  ”  ( Taxidea  labradorica),  and  in  the  hilly 
parts  of  India  by  the  Indian  Badger  ( Meles  or  Arctonyx  collaris). 

Resembling  the  Badgers  in  their  strictly  plantigrade  progression,  but 
differing  in  other  characters,  are  the  Skunks  {Mephitis).  These  are  all 
American,  and  are  celebrated  for  the  horrible  and  unendurable  odour  of 
the  anal  secretion.  The  best-known  species  is  the  common  Skunk  (M. 
mephitica ),  the  bite  of  which  occasionally  produces  a  form  of  rabies. 

The  Ratels  or  Honey-badgers  ( Mellivora )  differ  from  the  true  Badgers, 
and,  indeed,  from  all  the  Mustelidee,  in  the  fact  that  they  have  only  the  first 
or  carnassial  molar  on  each  side  of  the  lower  jaw,  the  second  molar  being 
lost.  They  live  largely  upon  Bees  and  other  insects,  and  are  natives  of 
the  Ethiopian  province  and  of  India. 

The  Otters  ( Lutra )  are  distinguished  from  the  other  Mus- 
telidee  by  the  fact  that  the  toes  are  webbed,  thus  adapting  the 
animal  for  swimming.  The  body  is  long,  the  legs  short,  and 
the  tail  long,  stout,  and  horizontally  flattened.  The  prcemolars 
and  molars  are  furnished  with  sharp-pointed  cusps  (figs.  522, 
523),  and  the  last  upper  prcemolar  (carnassial  tooth)  has  a 
cutting-edge  and  internal  “heel.”  The  common  Otter  ( Lutra 
vulgaris)  is  a  not  uncommon  British  animal,  living  upon  fish, 
and  frequenting  the  banks  of  streams.  A  closely  allied  form 
is  the  American  Otter  {Lutra  canadensis). 

The  Sea-otters  {Enhydris)  differ  from  the  preceding  in 
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many  points,  and  especially  in  the  disproportionate  size  of  the 
hind  feet,  and  in  their  dentition.  There  are  only  two  lower 
incisors  on  each  side,  instead  of  three,  and  the  upper  carnassial 
is  furnished  with  blunt  tubercles,  as  are  all  the  other  back- 


Fig.  522.  —Skull  of  the  Common  Otter  ( Lutra  vulgaris),  viewed  from  one  side. 

(After  Coues.) 


Fig.  523.— Under  view  of  the  skull  of  the  Common  Otter.  (After  Coues.) 

teeth.  The  only  known  species  of  Enhydris  is  found  on  both 
sides  of  the  North  Pacific,  and  is  greatly  prized  for  its  fur. 

The  typical  group  of  the  Mustelidce.  is  that  of  the  Weasels 
and  Pole-cats  and  their  allies,  which  are  mostly  small  Car¬ 
nivores,  with  short  legs,  elongated  worm-like  bodies,  and  a 
peculiar  gliding  mode  of  progression  (hence  the  name  of  “  Ver¬ 
miform  ”  Carnivora  sometimes  applied  to  the  group).  The 
progression  is  semi-plantigrade,  only  part  of  the  soles  of  the 
feet  being  applied  to  the  ground.  Anal  glands  are  always 
present,  and  their  secretion  is  mostly  of  a  highly  offensive 
character.  The  dental  formula  of  Adustela  proper  is — 


826 


MANUAL  OF  ZOOLOGY. 


In  the  nearly-allied  genus  Putorius  (fig.  524)  there  is  a  pne- 
molar  less  above  and  below. 

Among  the  best  known  of  the  ATustelidce  are  the  common  Weasel 
( Putorius  vulgaris),  the  Polecat  ( Putorius  fcetidus),  and  the  Ferret 
( Putorius furo),  the  last  being  an  albino  variety  (now  permanent)  of  one 


Fig.  524. — Skull  of  the  Polecat  ( Putorius  fcetidus ). 


of  the  Polecats.  It  is  really  an  African  form,  but  it  has  been  long  do¬ 
mesticated  in  Europe.  Nearly-allied  types  are  the  Ermine  or  Stoat  ( Pu¬ 
torius  er winea),  and  the  Minks  (P.  vison  and  P.  lutreola)  of  North 
America  and  Europe.  Among  the  species  of  Mustela  proper  may  be 
mentioned  the  Pine-marten  (AT.  marles)  and  Stone-marten  (AT.  foina)  of 
Europe  and  Asia,  the  Pekan  or  “Fisher”  (AT.  Pennantii)  of  North 
America,  the  true  Sable  (AT.  zibellina)  of  northern  Asia,  and  the  American 
Sable  (AT.  americana).  The  ATustelidce  are  of  commercial  importance  as 
yielding  beautiful  and  highly-valued  furs,  the  skins  of  the  Sable,  Ermine, 
Black  Mink,  and  Pekan  being  specially  sought  after. 

The  largest  of  the  ATustelidce  is  the  Glutton  or  Wolverene  (Gulo  luscus), 
which  is  a  native  of  the  northern  parts  of  Europe,  Asia,  and  North 
America,  and  is  celebrated  for  its  strength  and  cunning.  Allied  to  this 
are  the  Grisons  ( Galictis )  of  South  America. 

Section  2.  Cynoidea. — This  section  of  the  Fissipede 
Carnivora  comprises  the  Dogs,  Wolves,  Foxes,  &c.,  charac¬ 
terised  by  their  digitigrade  progression,  non-retractile  claws, 
pointed  muzzles,  and  smooth  tongues.  The  tympanic  bones 
are  developed  into  large  “tympanic  bullae  ”  (fig.  525,  b.ty ), 
which  are  imperfectly  subdivided  by  an  incomplete  bony  sep¬ 
tum  ;  and  there  is  a  short  external  meatus  auditorius,  external 
to  the  membrana  tympani.  The  intestine  is  furnished  with  a 
large  caecum.  There  are  four  prremolars  and  two  molars  on 
each  side  of  the  upper  jaw,  and  four  prcemolars  and  three 
molars  on  each  side  of  the  lower  jaw.  This  section  includes 
only  the  single  family  of  the  Can  idee,  comprising  the  Dogs, 
Wolves,  Foxes,  and  some  other  less  familiar  forms. 
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The  typical  members  of  the  Canidce.  (Dogs,  Wolves,  and 
Foxes)  have  the  fore-feet  pentadactylous,  and  the  hind-feet 
tetradactylous,  and  they  all  walk  upon  the  tips  of  the  toes  and 
have  non-retractile  claws.  In  the  characters  of  the  skull  and 
teeth  they  are  intermediate  between  the  Bears  on  the  one 
hand  and  the  Cats  on  the  other  hand.  The  facial  region  of 


I'  ig  525'— Upper  and  under  views  of  the  skull  of  the  Wolf  (Cam's  lupus), 
b.ty  Tympanic  bulla. 


the  skull  is  elongated,  to  make  room  for  the  numerous  teeth. 
The  sagittal  crest  (except  in  some  domestic  breeds  of  the  Dog) 
is  well  developed,  and  the  zygomatic  arches  (fig.  525,7)  are 
moderately,  but  not  excessively,  wide.  The  dental  formula 
is — 


c 


1  — 1 
I  —  I 


pm 


4—4  . 

4—4 


42. 


I  he  carnassial  teeth  (last  upper  pnemolar  and  first  lower 
molar)  are  of  large  size,  and  have  cutting-edges.  The  two 
upper  molars  and  the  last  two  lower  molars  have  tuberculate 
crowns  (fig.  526).  The  first  and  second  praemolars  not  tin- 
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usually  disappear  in  advanced  life.  As  there  are  only  three 
deciduous  molars  on  each  side  of  each  jaw  in  the  milk-denti¬ 
tion,  the  first  prremolar  of  the  adult  may  be  regarded  as  a 
permanent  tooth  which  has  no  predecessor. 


Fig.  526.— Dentition  of  the  Wolf  ( Cam's  lupus),  p 4  Upper  carnassial  ; 
tul  Lower  carnassial. 


The  domestic  Uog  (Cams  familiaris)  must  have  come  under  the  dom¬ 
inion  of  man  in  times  long  anterior  to  written  history.  Few  animals  have 
undergone  more  numerous  or  striking  variations,  and  some  of  the  varieties 
are  of  great  antiquity.  In  all  probability,  the  dog  has  originated  from 
more  than  one  wild  species  of  Canidce.  Some  of  the  larger  breeds  of  the 
Dog  are  closely  allied  to  Wolves.  Osteologically  the  Dog  and  Wolf  are 
practically  identical  ;  while  in  both  the  period  of  gestation  is  the  same 
(sixty  to  sixty-seven  days),  and  the  two  interbreed  and  produce  fertile 
offspring.  The  differences  between  such  breeds  of  the  Dog  as  the  Eskimo 
Dog,  or  even  the  Sheep-dog,  and  the  Wolf  are  very  slight.  Thus,  Dogs 
have  a  round  eye,  erect  or  erectile  ears,  and  a  curled-up  tail,  and  express 
their  feelings  by  barking.  On  the  other  hand,  Wolves  have  an  oblique 
eye,  drooping  ears,  and  a  half-scared,  half-sinister  expression,  while  they 
hang  their  tails,  and  howl  instead  of  barking.  Some  of  the  smaller  breeds 
of  the  Dog,  again,  have  probably  descended  from  the  Jackals.  Dogs 
readily  become  “feral,”  in  which  condition  they  often  become  more  or 
less  uniform  in  colour,  and  lose  their  habit  of  barking.  Of  the  many  so- 
called  “Wild  Dogs”  of  the  present  day,  it  is  not  probable  that  any  are 
really  wild  species.  It  is  possible  that  the  “Dingo”  of  Australia  is  an 
exception  to  this  statement;  but  the  so-called  “native  Dog”  of  New  Zea¬ 
land  has  almost  certainly  been  introduced  by  human  agency  into  this 
region. 
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Of  the  Wolves,  the  common  Wolf  (Cams  lupus )  still  abounds  in  some 
parts  of  Europe,  and  ranges  over  all  Northern  Asia,  while  there  seems 
little  reason  for  doubting  that  the  common  North  American  Wolf  ( C .  Occi¬ 
dent  alis)  is  only  a  variety  of  it.  Another  variety  is  the  Wolf  of  Palestine; 
and  the  Wolf  of  India  and  Wolf  of  Thibet  are  nearly  related  forms.  A 
more  completely  distinct  species  is  the  “Coyote”  or  Prairie  Wolf  (C. 
latrans )  of  North  America. 

The  Jackals  are  small  Canidte  with  a  round  pupil  to  the  eye,  and  a 
slender  pointed  muzzle.  The  Jackals  are  gregarious,  hunt  in  packs,  and 
burrow  in  the  ground.  The  common  Jackal  (Cams  aureus)  is  widely 
distributed  over  Southern  Asia  and  Africa,  and  allied  species,  or  strongly 
marked  varieties,  are  found  in  Africa.  Taking  the  place  of  the  Jackals  in 
South  America  are  the  fox-like  Cams  Azam  and  C.  cancrivorus. 

The  Foxes  are  distinguished  from  the  other  Canidce  by  the  fact  that  the 
pupil  is  vertical  and  slit-like  ;  and  they  are  hence  often  placed  in  the 
separate  genus  Vulpes .  They  have  slender  pointed  muzzles  and  bushy 
tails.  The  common  Fox  (Vulpes  vulgaris)  is  found  over  most  of  Europe, 
Asia,  and  North  Africa,  and  is  represented  in  North  America  by  the 
varietal  form  known  as  the  Red  Fox  (V  fulvus).  Other  well-known 
Foxes  are  the  Silver  Fox  of  North  America  (V.  virnnianus),  and  the 
“Fennec”  (Cauls  zerda)  of  Africa. 

One  of  the  most  aberrant  members  of  the  Canid  a  is  the  curious  Lycaon 
pictiis ,  or  “  Hunting  Dog,”  of  South  Africa,  which  agrees  with  the  Dogs  in 
its  dentition  and  osteology,  but  resembles  the  Hyaenas  in  the  fact  that  all 
the  feet  are  tetradactylous.  Other  aberrant  members  of  the  Canidce  are 
the  long-eared  Megalotis  Lalandii  of  South  Africa,  and  the  Racoon-dog 
(cVyctereutes  procyonoides)  of  Eastern  Asia. 

Section  3.  ^Eluroidea. — This  section  of  the  Fissipede 
Carnivora  comprises  the  Civet-cats,  the  Hyaenas,  the  Aard- 
wolf,  the  Cryptoprocta ,  and  the  Cats,  most  of  which  walk 
on  the  tips  ot  the  toes.  For  this  reason  these  forms  have 
often  been  included  with  the  Canidce  in  a  single  division, 
under  the  name  of  Digitigrada.  The  claws  are  usually  re¬ 
tractile,  but  are  non-retractile  in  the  Hyaenas.  The  tympanic 
bones  are  expanded  into  large  tympanic  bullae,  and  the  exter¬ 
nal  meatus  auditorius  is  so  short  as  to  be  Hush  with  the 
surface  of  the  bulla.  Except  in  the  Hyaenas,  the  bulla  is, 
further,  divided  internally  into  two  nearly  completely  separate 
chambers  by  a  bony  septum.  The  outermost  of  the  two  cham¬ 
bers  thus  produced  is  the  smallest,  and  is  the  true  tympanic 
chamber.  Only  in  the  Viverridat  is  there  more  than  a  single 
molar  on  each  side  of  each  jaw  j  the  carnassials  have  cutting- 
edges  ;  and  the  intestine  has  a  short  caecum. 

ihe  Civet-cats  (Viverndce)  are  all  of  moderate  size,  with 
sharp  muzzles  and  long  tails,  and  mostly  more  or  less  striped, 
or  banded,  or  spotted.  Their  progression  is  semiplantigrade, 
or  sometimes  almost  plantigrade,  and  the  claws  are  semi- 
retractile.  The  facial  region  of  the  skull  is  elongated,  to  make 
room  for  the  lengthy  series  of  teeth.  The  canines  are  not  of 
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exceptionally  large  size,  and  most  of  the  back  teeth  are  rather 
cuspidate  than  trenchant.  The  two  upper  molars  and  the 
last  lower  molars  are  tuberculate.  The  tongue  is  roughened 
by  horny  papillae,  and  the  pupil  is  vertical  and  slit-like.  The 
dental  formula  of  Viverra  is — 


i 


1 — 1 

> 

1  —  1 


pm 


4—4  . 
4—4’ 


=  40. 


The  Civet-cats  are  furnished  with  a  pair  of  anal  glands  which 
produce  an  odorous,  or  malodorous  substance.  All  the  Viver- 
ridat  belong  to  the  Old  World. 


Fig.  527-— Dentition  of  the  Civet-cat  (  Viverra  civetta).  The  upper  figure  shows 
the  upper  jaw,  the  lower  figure  gives  the  lower  teeth. 


The  true  Civet-cat  is  the  Viverra  civetta,  a  native  of  Africa.  It  is  a 
small  nocturnal  animal,  which  climbs  trees  with  facility,  and  feeds 
chiefly  upon  small  mammals,  reptiles,  and  birds,  but  also  upon  roots 
and  fruits.  It  furnishes  the  greater  part  of  the  “civet”  of  commerce, 
which  was  formerly  in  great  repute  both  as  a  perfume  and  as  a  medicinal 
agent.  It  is  a  pomade-like  substance,  with  a  strong  musky  odour,  and 
is  secreted  by  a  deep  double  pouch  beneath  the  anus.  Allied  species 
inhabit  the  Oriental  province.  The  Genette  ( Viverra  genet/a )  is  very 
closely  related  to  the  preceding,  and  is  a  native  of  Africa  and  Southern 
Europe,  being  not  uncommonly  domesticated  and  kept  like  a  cat.  The 
anal  pouch  in  the  Genette  is  much  reduced  in  size,  and  has  hardly  any 
perceptible  secretion.  Another  nearly-allied  form  is  the  Ichneumon  {Her- 
pestes  ichneumon),  one  species  of  which  is  kept  as  a  domestic  animal  in 
Egypt,  and  lives  upon  Snakes,  Lizards,  the  eggs  of  the  Crocodile,  and 
small  Mammals.  Belonging  also  to  the  genus  Herpestes  is  the  little 
“  Mungoos  ”  (//.  griseus)  of  India,  celebrated  for  killing  poisonous  Snakes. 

Among  the  numerous  other  forms  which  are  referred  to  the  Viverridce 
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may  be  mentioned  the  Paradoxurus  of  the  Indian  province;  the  prehen¬ 
sile-tailed  “Binturongs”  ( Arctictis )  of  India,  Sumatra,  and  Java ;  the  web¬ 
footed  Cy negate  of  Borneo;  the  “Mangue”  ( Crossarchus )  of  Western 
Africa;  and  the  “Suricate”  ( Rhyzccna )  of  South  Africa. 


The  curious  little  Cryptoprocta  of  Madagascar,  which  is  still 
imperfectly  known,  is  usually  regarded  as  the  type  of  a  special 
family  ( Cryptoproctida).  The  toes  in  Cryptoprocta  are  fur¬ 
nished  with  retractile  claws,  and  the  gait  is  semiplantigrade. 
The  dental  formula  agrees  numerically  with  that  of  the 
Hyaenas — 


r  4 — 4 

-  i  pm  - — -  ; 

1  3—3 


m 


=  34- 


Intermediate  between  the  Civet-cats  and  the  Hyaenas  is  the 
curious  Aardwolf  ( Protelcs  Lalandii )  of  South  Africa,  the  sole 
representative  of  the  family  of  the  Protelidce. 


The  Aardwolf  is  a  nocturnal,  burrowing  animal,  about  as  large  as  a  Fox, 
of  a  yellowish -grey  colour,  with  black  stripes  on  the  sides,  the  snout  pro¬ 
longed,  and  the  ears  large  and  pointed.  It  has  five  toes  on  the  fore-feet 
and  four  on  the  hind-feet  (as  in  Dogs),  and  resembles  the  Hyaenas  in  hav¬ 
ing  a  stiff  mane  on  the  neck  and  back.  The  skull  and  teeth  are  of  the 
Viverrine  type. 

The  family  of  the  Hycenidce  includes  only  the  Hyaenas,  all 
of  which  are  confined  to  the  Old  World.  The  Hyaenas  are 
digitigrade,  but  the  claws  are  non-retractile,  and  all  the  feet 
have  only  four  toes  each.  The  tongue  is  rough  and  prickly, 
and  the  pupil  of  the  eye  is  vertical.  The  hind-legs  are  shorter 
than  the  fore-legs,  so  that  the  trunk  sinks  towards  the  hind¬ 
quarters.  The  hair  is  coarse  and  bristly,  with  a  stiff  mane  on 
the  neck;  and  the  tail  is  bushy.  The  head  is  extremely 
broad,  the  muzzle  rounded,  and  the  muscles  of  the  jaws 
extremely  powerful.  The  skull  has  the  sagittal  crest  so 
greatly  developed  as  to  give  it  an  almost  pyramidal  form,  and 
the  zygomatic  arches  are  exceedingly  wide.  All  the  pne- 
molars  and  molars  are  trenchant,  except  the  single  upper 
molar,  which  is  very  small  and  has  a  tuberculate  crown.  The 
carnassials  are  of  great  size  (fig.  528),  the  upper  carnassial 
(4th  praemolar)  having  a  large  internal  tubercle,  against  which 
the  wholly  trenchant  lower  carnassial  (1st  molar)  bites.  The 
dental  formula  is — 


1  —  1 
1  —  1 
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All  the  known  species  of  Hyaena  are  confined  to  the  warmer  regions  of 
the  Old  World.  The  Striped  Ilytena  (//.  striata )  is  found  in  North 
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Africa,  Asia  Minor,  Arabia,  and  Persia,  ranging  into  India.  The  Spotted 
Hyaena  (//.  Croatia)  occurs  all  over  Africa,  south  of  the  Sahara;  and  the 
Brown  Hysena  (//.  brunnea )  is  also  found  in  the  south  of  Africa. 

The  last  family  of  the  <Fluroidea  is  that  of  the  Felicia ,  or 
“  Cats,”  in  the  wide  sense  of  the  term  ;  comprising  the  Lion, 


Fig.  528. — Dentition  of  the  Spotted  Hyaena,  half  the  natural  size.  The  upper  figure 
gives  the  upper  jaw,  and  the  lower  figure  the  mandible,  on  one  side. 


Tiger,  Jaguar,  Leopard,  Lynxes,  Domestic  Cat,  &c.  All  the 
members  of  this  family  are  completely  digitigrade,  the  soles 
of  the  feet  being  hairy,  and  the  whole  of  the  metacarpus  and 
metatarsus  being  raised  off  the  ground. 

The  legs  are  of  nearly  equal  size,  and  the  hind-feet  have 
only  four  toes  each,  whilst  the  fore-feet  have  five.  All  the 
toes  are  furnished  with  strong,  curved,  retractile  claws,  which, 
when  not  in  use,  are  withdrawn  within  sheaths  by  the  action  of 
elastic  ligaments,  so  as  not  to  be  unnecessarily  blunted.  The 
ungual  phalanges  (fig.  529)  are  strongly  bent  near  their  middle, 
and  the  resistance  of  the  ligaments  which  retract  the  claws  is 
overcome  (when  the  claws  are  to  be  protruded)  by  the  con¬ 
traction  of  the  flexor  profundus  perforans.  All  the  Cats  are 
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exceedingly  light  upon  their  feet,  and  they  all  have  the  habit 
of  seizing  their  prey  by  suddenly  springing  upon  it. 

The  skull  of  the  Felidce  (fig.  530)  is  remarkable  for  the 
shortening  of  the  facial  region.  Owing  to  this,  and  to  the  great 


(A) 

size  of  the  muscles  concerned  in  mastication,  the  head  as¬ 
sumes  a  short  and  rounded  form,  with  an  abbreviated  and 
rounded  muzzle.  The  zygomatic  fossm  are  enormously  ex¬ 
panded,  and  the  sagittal  crest  is  only  less  than  it  is  in  the 
Hysenas.  1  he  condyles  of  the  lower  jaw  are  transversely 


f  ig*  529-  Bones  and  ligaments  of  the  toe  of  a  Cat,  showing  the  claw  retracted 
and  protruded  (B).  After  T.  J.  Parker. 


Fig.  530.— Side  view  of  the  skull  of  the  Lion  (Felis  leo). 


elongated,  and  are  locked  by  ligaments  in  the  glenoid  cavities, 
the  anterior  and  posterior  edges  of  which  project  in  such  a 
way  as  to  entirely  preclude  rotatory  movements.  The  molars 
and  prsemolars  collectively  (fig.  514)  are  fewer  in  number 
than  in  any  other  of  the  Carnivora  (hence  the  shortness  of  the 

3  G 
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jaws),  and  they  are  all  trenchant,  except  the  single  molar  in 
the  upper  jaw,  which  is  very  small  and  is  tuberculate.  The 
upper  carnassial  has  three  lobes,  and  a  blunt  heel  or  internal 
process.  The  lower  carnassial  has  two  cutting  lobes,  and  no 
internal  process.  The  dental  formula  is  — 


i 


n _ _  -i 

o  o  . 

3—3  ’ 


r  —  r 

m  —  7.0. 

i  — i  0 


Lastly,  the  tongue  in  the  Felida  is  roughened  and  rendered 
prickly  by  the  presence  of  horny  papillae,  thus  rendering  it  a 
most  efficient  rasp  in  licking  the  flesh  from  the  bones  of  the 
prey ;  and  the  pupil  of  the  eye  is  vertical,  and  contracts  to  a 
line  on  exposure  to  light. 

It  is  questionable  if  any  good  genera  have  hitherto  been 
established  in  this  family,  as  far  as  recent  forms  are  concerned, 
and  all  the  living  species  may  be  considered  as  belonging  to 
the  single  genus  Felis.  The  species  of  Felis  are  found  all 
over  the  world,  except  in  Australia,  New  Zealand,  the  Malayan 
Archipelago  east  of  “Wallace’s  line,”  and  the  Antilles. 


The  Lion  ( Felis  leo )  is  too  well  known  to  require  much  special  notice. 
Its  colour  is  always  uniform,  generally  a  yellowish  or  reddish  brown  ;  but 
the  young  are  spotted.  The  tail  is  terminated  by  a  tuft  of  long  hairs,  and 
the  male  is  usually  furnished  with  a  mane,  which  is  very  short,  however, 
in  an  Indian  variety.  The  Lion  is  exclusively  confined  to  the  Old  World, 
and  is  an  inhabitant  of  Africa  and  the  south-western  parts  of  Asia.  It  is 
doubtful  how  far  any  valid  species  of  Lions  have  as  yet  been  established, 
but  there  are  several  well-marked  varieties.  The  Lion  formerly  enjoyed  a 
considerably  wider  range  than  it  has  at  present ;  and  it  is  probable  that 
the  so-called  “  Cave-lion”  ( Felis  spelaa )  of  the  Pleistocene  period  is  not 
truly  separable  as  a  species  from  the  existing  Felis  leo. 

In  the  Tiger  ( Felis  tigris),  the  tail  is  without  a  tuft  of  hairs  at  its  ex¬ 
tremity,  and  the  skin  is  marked  with  stripes  or  spots.  The  Tiger  is  a 
native  of  southern  Asia,  but  occurs  also  in  Java,  Borneo,  and  Sumatra. 
The  skin  is  reddish  yellow,  marked  with  numerous  transverse  black  stripes. 
It  is  a  large  and  powerful  animal,  and,  upon  the  whole,  is  probably  a  more 
dangerous  opponent  than  even  the  Lion. 

Of  the  large  spotted  Cats,  the  largest  is  the  Jaguar  (Felis  onca),  which 
inhabits  South  America  and  the  southern  parts  of  North  America.  It  is  a 
very  large  and  powerful  animal,  and  it  can  both  swim  and  climb  with 
great  facility.  Another  American  species  is  the  Puma  (Felis  concolor),  in 
which  the  colour  is  uniformly  reddish  brown.  It  is  exclusively  confined  to 
America,  ranging  from  Patagonia  to  about  6o°  N.  latitude,  and  though  of 
large  size  it  is  a  very  cowardly  animal,  and  is  seldom  known  to  attack 
man. 

The  Leopard  or  Panther  (Felis  panh/s)  is  another  well-known  species, 
beautifully  spotted,  and  growing  to  a  length  of  seven  feet  inclusive  of  the 
tail.  It  is  found  all  over  Africa  and  Southern  Asia,  and  extends  its  range 
to  Java  and  Japan.  A  nearly  allied  form  is  the  “  Ounce  or  “  Snow 
Leopard,”  which  lives  at  great  heights  in  the  mountain-ranges  of  Central 
Asia.  Another  allied  form  is  the  Cheetah  or  Hunting  Leopard  (Felis 


RODENTIA. 


§35 


jubata)  of  southern  Asia  and  Africa,  which  is  often  raised  to  the  rank 
ot  a  distinct  genus  under  the  name  of  Cynatlurus.  It  has  very  long 
legs,  and  the  claws  are  only  imperfectly  retractile.  Among  the  smaller 
spotted  Cats  may  be  mentioned  the  Ocelot  (F.  pardalis),  ranging  from 
Mexico  to  Brazil  ;  the  Felts  vivernna  of  India,  China,  and  Malacca  ;  and 
the  Colocolo  (F.  ferox)  of  Central  America. 

Of  the  smaller  Fclidte,  the  best  known  are  the  Lynxes,  and  the  Cats, 
properly  so  called.  Of  these,  the  Lynxes  are  distinguished  by  their  short 
tails,  and  by  the  fact  that  the  ears  are  furnished  with  a  pencil  of  hairs. 
I  hey  diner  so  much  from  the  other  Felidie  as  to  be  often  placed  in  a  sep- 
arate  genus  ( Lyncus ).  The  best-known  species  are  the  European  Lynx 
(Ay/j  lyncus),  the  Caracal  (F.  caracal)  of  southern  Asia  and  Africa,  and 
the  Canadian  Lynx  (F.  canadensis)  of  North  America.  In  the  true  Cats 
the  tad  is  long,  and  the  ears  are  not  tufted.  The  Wild  Cat  (Felts  catus) 
iormeily  abounded  in  Britain,  but  is  now  almost  extinct,  though  it  still 
occurs  in  Europe,  especially  in  the  Harz  and  Carpathian  Mountains.  It 
is  a  large  and  fierce  animal,  and  appears  to  be  quite  a  match  for  any  man 
not  possessing  firearms.  The  domestic  Cat  (Fe/is  domestica)  does  not  seem 
to  have  descended  from  the  wild  Cat,  and  its  aboriginal  stock  is  unknown. 

1  robably  the  various  breeds  of  the  Cat,  like  those  of  the  Dog,  have  really 
been  derived  from  more  than  one  wild  species.  The  Cat  is  known  to 
interbreed  freely  not  only  with  the  wild  Cat,  but  also  with  several  others 
ot  the  smaller  Felida,  among  which  may  be  mentioned  the  Fells  chans ,  or 
“Jungle-cat,”  of  India  and  Africa. 


CHAPTER  LXXII. 

RODENTIA. 

Order  XIII.  Kodf.ntia. —  I  he  thirteenth  order  of  Mammalia 
is  that  of  the  Rodentia,  or  Rodent  Animals,  often  spoken  of  as 

&lires,  comprising  the  Mice,  Rats,  Squirrels,  Rabbits,  Hares, 
Reavers,  &c. 

The  Rodents  are  characterised  by  the  fact  that  the  two 
mesial  incisors  in  both  jaws  are  long  and  curved ,  growing  from 
permanent  pulfs,  and  terminating  in  chisel  -  shaped  points. 
Usually  only  the  mesial  incisors  are  present ,  but  a  pair  of  small 
lateral  incisors  may  also  be  developed  in  the  upper  jaw.  There 
an  no  canines ,  and  there  is  a  unde  interval  between  the  incisors  and 
the  molars.  There  are  three  true  molars  on  each  side  of  each  jaw , 
and.  the  molars  and  prcemolars  are  usually  four  or  five  in  number , 
their  crowns  being  transversely  ridged  or  tuberculate.  The  feet 
arc  usually  furnished  with  five  toes  each,  all  of  which  are  clawed  • 
and  the  hallux ,  when  present,  rarely  differs  from  the  other  digits. 
1  he  placenta  is  discoidal  and  deciduate. 

I  he  orbits  of  the  Rodents  are  not  separated  from  the  tern- 


836 


MANUAL  OF  ZOOLOGY. 


poral  fossae,  the  latter  being  very  small ;  and  the  frontals 
usually  have  merely  rudimentary  post-orbital  processes.  The 
palate  is  narrow,  and  often  imperfectly  ossified.  The  most 
characteristic  point,  however,  about  the  Rodents  is  to  be  found 
in  the  structure  of  the  incisors,  which  are  adapted  for  contin¬ 
uous  gnawing,  and  which  have  persistent  pulps,  so  that  they 
continue  to  grow  throughout  the  life  of  the  animal.  The  two 
central  incisors  in  both  jaws  are  large,  long,  and  curved,  pris¬ 
matic  in  section,  and  forming  segments  of  a  circle  (fig.  531)- 


In  most  of  the  Rodents  ( Simplicidenta to)  there  are  only  the 
two  median  incisors  in  each  jaw ;  but  in  the  Hares  and 
Rabbits  ( Duplicidentata )  there  is  an  additional  pair  of  small 
upper  incisors  placed  behind  the  large  central  pair.  The  front 
face  of  the  incisors  is  covered  by  a  plate  of  hard  enamel,  while 
the  hinder  part  of  the  tooth  is  composed  only  of  the  compar¬ 
atively  soft  dentine,  sometimes  (Duplicidentate  Rodents)  cov¬ 
ered  by  an  exceedingly  thin  layer  of  enamel.  This  being  the 
structure  of  the  incisors,  it  follows  that  when  the  tooth  is  ex¬ 
posed  to  attrition,  the  soft  dentine  behind  wears  away  more 
rapidly  than  the  hard  enamel  in  front.  The  result  of  this  is 
that  the  crown  of  the  tooth  acquires  by  use  a  chisel-like  shape, 
bevelled  away  behind,  and  the  enamel  forms  a  persistent  cut¬ 
ting-edge. 

The  gnawing  action  of  the  incisors  is  assisted  by  the  articu¬ 
lation  of  the  lower  jaw,  the  condyle  of  which  is  placed  longi¬ 
tudinally  and  not  transversely,  so  that  the  jaw  slides  backwards 
and  forwards.  The  molars,  consequently,  have  flat  crowns 
(fig.  531,  B),  the  enamelled  surfaces  of  which  are  always 
arranged  in  transverse  ridges,  in  opposition  to  the  antero¬ 
posterior  movements  of  the  jaw.  (It  is  convenient  in  the  case 
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of  the  Rodents  to  use  the  term  “  molars  ”  for  the  entire  series 
of  the  back  teeth.) 

The  intestine  in  the  Rodents  is  very  long,  and  the  c tecum 
voluminous  (rarely  wanting).  The  brain  is  nearly  smooth,  and 
without  convolutions.  The  Rodents  are  almost  all  small 
animals,  and  they  are  mostly  very  prolific.  They  subsist 
principally,  in  many  cases  entirely,  upon  vegetable  matters, 
especially  the  harder  parts  of  plants,  such  as  the  bark,  roots, 
or  seeds.  In  cold  climates  they  generally  hibernate. 

In  space  the  Rodents  have  an  all  but  universal  distribution, 
only  the  oceanic  islands  of  the  Pacific  being  without  indigenous 
forms.  As  regards  their  distribution  in  tune ,  a  very  large 
number  of  fossil  Rodents  have  been  recognised  as  occurring  in 
Tertiary  and  Post-tertiary  deposits.  The  Rodents  of  the 
Eocene  Tertiary  are  largely  referable  to  extinct  types,  but 
there  are  forms  of  such  living  genera  as  Sciurus  and  Myoxus, 
while  the  Marmots  are  represented  by  Plesiarctomys.  In  the 
Miocene  and  Pliocene  we  meet  with  representatives  of  the 
Squirrels,  Dormice,  Porcupines,  Calling  Hares,  &c.  Cricetodon 
is  nearly  related  to  the  existing  Hamsters ;  while  Chalicomys 
and  Steneofiber  represent  the  Beavers.  These  last  are  repre¬ 
sented  in  the  Post-tertiary  deposits  of  Europe  by  Trogontherium , 
and  in  corresponding  deposits  in  North  America  by  the  huge 
Castoroides,  which  seems  to  have  been  equal  to  a  bear  in  size. 

In  accordance  with  the  number  of  the  incisor  teeth,  the 
Rodents  may  be  divided  into  the  two  divisions  of  the  Simpli- 
cidentata  and  Duplicidentata.  In  the  former  of  these,  com¬ 
prising  all  the  ordinary  Rodents,  there  are  only  two  upper 
incisors.  In  the  latter,  comprising  only  the  Hares  and 
Rabbits  and  the  Calling  Hares,  there  are  two  rudimentary 
upper  incisors  behind  the  large  central  incisors. 

I.  SlMPLICIDENTATA. 

The  Rodents  comprised  in  this  division  have  only  two 
upper  and  two  lower  incisors,  and  these  are  enamelled  in 
front  only.  The  fibula  does  not  articulate  with  the  os  calcis. 

The  Simplicidentate  Rodents  have  been  divided  by  Mr 
Alston  into  the  three  groups  of  the  Sciuromorpha,  Myomorpha, 
and  Hystncomorpha ,  collectively  including  a  large  number  of 
families,  only  the  more  important  of  which  can  be  noticed 
here,  and  that  only  in  the  briefest  manner. 

Section  i.  Sciuromorpha.  —  The  Squirrel-like  Rodents 
included  in  this  section  have  complete  clavicles  ;  the  fibula  is 
separate  from  the  tibia ;  the  zygomatic  arch  is  formed  by  the 
malar  bone,  unsupported  by  a  process  from  the  maxilla ;  there 
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are  four  lower  “  molars,”  and  generally  four  or  five  upper 
molars ;  the  tail  is  generally  hairy,  and  the  upper  lip  is  usually 
cleft.  The  two  most  important  families  included  under  this 
head  are  the  Sciuridce  (Squirrels  and  Marmots)  and  the  Casto- 
ridce  (Beavers). 

In  the  family  of  the  Sciuridce  the  molars  are  rooted,  five  in  number  in 
the  upper  jaw  on  each  side  (the  first  being  often  deciduous),  and  four  on 
each  side  of  the  lower  jaw;  their  crowns,  when  unworn,  being  tuberculate. 

The  true  Squirrels  (Sciunts)  are  familiarly  known  in  the  person  of  the 
common  British  species  ( Sciurus  vulgaris),  and  the  equally  common  Grey 
Squirrel  [S.  cinereus )  of  the  United  States.  Numerous  species  (about  one 
hundred  in  number)  more  or  less  closely  allied  to  these  occur  in  other 
countries,  and  they  are  especially  abundant  in  North  America. 

In  the  genera  Pteromys  and  Sciuropterus ,  or  “  Flying  Squirrels,”  there  is 
a  peculiar  modification  by  which  the  animal  can  take  extended  leaps  from 
tree  to  tree.  The  skin,  namely,  extends  in  the  form  of  a  broad  membrane 
between  the  hind  and  fore  legs,  and  this  acts  as  a  kind  of  parachute,  sup¬ 
porting  the  animal  in  the  air.  There  is,  however,  no  power  whatever  of 
true  flight,  and  the  structure  is  identically  the  same  as  that  which  we  have 
previously  seen  in  the  Flying  Phalangers  ( Petaurus ),  which  take  the  place 
of  the  Flying  Squirrels  on  the  Australian  continent.  The  Flying  Squirrels 
are  found  in  southern  Asia,  Polynesia,  the  north-east  of  Europe,  Siberia, 
and  North  America. 

Intermediate  between  the  typical  Squirrels  and  the  Marmots  are  the 
Ground-squirrels  ( Tamias )  of  Europe,  Asia,  and  North  America.  An  ex¬ 
tremely  familiar  example  of  this  genus  in  the  United  States  and  Canada  is 
the  common  Chipmunk  (71  stria/ us). 

The  Marmots  (Arc/omys),  unlike  the  true  Squirrels,  are  terrestrial  in 
their  habits,  and  live  in  burrows,  having  short  tails,  thick  bodies,  and  short 
legs.  There  are  numerous  species  of  this  family  inhabiting  various  parts 
of  Europe  and  northern  Asia,  and  generally  distributed  over  the  whole  of 
North  America.  Good  examples  are  the  Alpine  Marmot  (A.  marmot  a)  of 
the  mountain-ranges  of  Central  Europe,  and  the  “Wood-chuck”  (A. 
monax)  and  “Whistler”  (A.  pruinosus)  of  North  America.  Another 
well-known  American  type  is  the  Prairie-dog  ( Cynomys  ludovicianus), 
which  lives  in  communities  in  the  prairies  lying  to  the  east  of  the  Rocky 
Mountains. 

Also  belonging  to  the  present  family  are  the  Pouched  Marmots  ( Spermo - 
philits),  which  possess  cheek-pouches,  and  are  widely  distributed  over  North 
America,  northern  Europe,  and  northern  Asia. 

The  family  of  the  Castoridic  is  represented  only  by  the  Beaver  ( Castor 
fiber,  fig.  532),  distinguished  by  the  possession  of  four  “molars”  on  each 
side'of  each  jaw,  the  hind-feet  being  webbed,  and  the  tail  flattened  and 
scaly.  The  fore-feet  are  smaller  than  the  hind-feet,  and  all  the  feet  are 
furnished  with  five  unguiculate  toes. 

The  Beaver  is  a  large  Rodent,  attaining  a  length  of  from  two  and  a  half 
to  three  feet.  Naturally  it  is  a  social  animal,  living  in  societies,  and  this 
is  still  the  case  in  America,*  but  in  northern  Europe  and  Asia,  where  the 
animal  has  been  much  hunted,  it  usually  leads  a  solitary  life.  When  living 
ill  social  communities  the  Beavers  build  dams  across  the  riveis,  as  veil  as 


*  q'he  American  Beaver  is  sometimes  considered  to  be  a  distinct  species 
( Castor  canadensis). 
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habitations  for  themselves,  by  gnawing  across  the  branches  of  trees  or 
shrubs,  and  weaving  them  together,  the  whole  being  afterwards  plastered 
with  mud.  There  is  no  doubt  but  that  the  Beaver  shows  extraordinary 
ingenuity  in  these  and  similar  operations  ;  but  there  can  be  equally  little 


F*g-  532- — The  Beaver  (Castor fiber). 


doubt  as  to  the  greatly-exaggerated  stories  which  have  been  set  afloat  in 
this  connection.  The  tail  is  greatly  flattened  and  scaly,  and  the  animal 
gives  the  alarm  by  striking  it  upon  the  water.  The  Beaver  is  hunted 
chiefly  for  the  sake  of  the  skin,  but  also  for  the  substance  known  as  cas- 
toreum.  This  is  a  fatty  substance,  secreted  by  the  preputial  glands,  and 
employed  as  a  therapeutic  agent. 

Section  2.  Myomorpha.  —  The  Mouse-like  Rodents  in¬ 
cluded  in  this  section  have  generally  complete  clavicles ;  the 
zygoma  is  formed  partly  by  the  malar  bone  and  partly  by  the 
maxilla ;  the  tibia  and  fibula  are  more  or  less  extensively 
anchylosed  with  one  another;  there  are  usually  three  molars 
on  each  side  of  each  jaw;  the  tail  is  often  scaly;  and  the 
upper  lip  is  usually  cleft.  The  principal  families  included  in 
this  section  are  those  of  the  Myoxida  (Dormice),  Murida 
(Mice  and  Rats),  Spalacidce  (Mole-rats),  Geomyidce  (Pouched 
Rats),  and  Dipodidce.  (Jerboas). 

The  family  of  the  Myoxidce  includes  the  familiar  little  Rodents  known 
as  “Dormice,”  which  are  in  many  respects  intermediate  between  the 
Mice  and  the  Squirrels.  The  “molars”  in  this  family  have  roots,  and 
are  four  in  number  on  each  side  ;  the  tail  is  long  and  hairy  ;  the  pollex  is 
rudimentary  ;  and  the  hind-feet  are  five-toed.  "The  intestine  is  destitute 
of  a  ctecum.  The  known  species,  to  the  number  of  about  a  dozen,  are  all 
confined  to  the  Old  World  ;  and  the  graceful  little  Myoxus  avellanarius 
is  found  in  Britain. 

The  family  of  the  Muridic  is  an  extremely  large  one,  and  includes  the 
Rats,  Mice,  Hamsters,  Voles,  Lemmings,  &c.  In  this  family  the  tail  is 
long,  always  thinly  haired,  often  naked  and  scaly.  The  lower  incisors  are 
compressed  and  pointed  ;  and  the  molars  are  rootless,  usually  three  in 
number  on  each  side,  rarely  two  in  the  lower  jaw,  or  in  both,  or  four  in 
both.  The  pollex  is  rudimentary,  and  the  hind-feet  are  five-toed. 
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The  Murida  are  distributed  over  almost  the  whole  world,  except  the 
islands  of  the  Pacific,  about  three  hundred  living  species  being  known, 
and  some  of  the  species  (such  as  the  Brown  Rat  and  Common  Mouse)  are 
similarly  cosmopolitan  in  their  range. 

The  Black  Rat  {Mi is  rattus),  Brown  Rat  (M.  decumanus),  Common 
Mouse  ( M.  musculus),  Field-mouse  (Af.  sylvaticus),  and  Harvest-mouse 
(A/,  tninutus)  are  familiar  European  examples  of  the  type-genus  Mus. 
The  first  three  of  these  are  equally  common  in  America,  but  are  not  in¬ 
digenous  there.  Most  of  the  indigenous  Mice  of  North  America  belong 
to  the  genus  Hesperomys. 

The  Hamsters  ( Cricetus )  differ  from  the  Mice  and  Rats  principally  in 
the  possession  of  cheek-pouches  opening  into  the  mouth.  They  are  con¬ 
fined  to  the  Old  World,  a  well-known  European  species  being  the  Cricetus 
fru  inenta  rius. 

The  Gerbilles  ( Gerbillus)  are  separated  from  the  true  Mice  by  the  great 
length  of  the  hind  limbs,  which  are  adapted  for  jumping.  They  live  in 
Africa,  the  south-east  of  Europe,  and  southern  Asia. 

The  Voles  ( Arvicola )  are  mostly  rat-like  in  form,  with  a  moderately 
hairy  tail  and  short  ears.  They  have  the  molars  composed  of  alternating 
triangular  prisms  (fig.  5 33).  Of  the  genus  Arvicola  itself  about  fifty  species 


are  known,  the  two  most  familiar  of  the  three  British  species  being  the  Water- 
rat  (A.  amphibius),  which  ranges  from  western  Europe  to.  China,  and  the 
Field  Vole  {A.  agres/is). 

Allied  to  the  preceding  is  the  Musquash  or  Ondatra  ( Fiber  zibet  hie  us)  of 
North  America,  which  leads  a  semi-aquatic  life,  and  has  the  tail  com¬ 
pressed  and  the  hind-feet  partially  webbed.  From  its  possession  of  glands 
producing  a  musky  secretion,  it  is  often  called  the  “  Musk-rat.” 

One  of  the  most  interesting  of  the  Murida  is  the  Lemming  (Afyodes  lem¬ 
mas ),  which  inhabits  the  mountainous  parts  of  Scandinavia.  It  is  chiefly 
remarkable  for  migrating  at  certain  periods,  generally  towards  the  approach 
of  winter,  in  immense  multitudes  and  in  a  straight  line,  apparently  in 
obedience  to  some  blind  mechanical  impulse.  In  these  journeys  the  Lem¬ 
mings  march  in  parallel  columns,  and  nothing  will  induce  them  to  deviate 
from  the  straight  line  of  march,  the  migration  always  terminating  in  the 
sea,  and  ending  in  the  drowning  of  all  that  have  survived  the  journey. 

The  family  Geomyidic  comprises  the  so-called  Pouched  Rats  and  Gophers 
of  North  America,  distinguished  by  the  possession  of  a  pair  of  extraordinary 
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pouches,  which  differ  from  ordinary  cheek-pouches  in  opening  outside  the 
mouth,  and  in  being  lined  with  a  fine  fur,  and  which  are  apparently  used 
for  carrying  provender.  Some  of  the  members  of  this  family  {Geomys  and 
Thomomys )  have  the  fore-feet  greatly  developed  and  adapted  for  burrowing; 
whilst  the  so-called  “  Kangaroo-rats  ”  {Dipodomys)  have  very  long  hind- 
limbs,  and  the  fore-limbs  are  not  specially  developed.  One  of  the  best- 
known  species  of  this  family  is  the  common  Pocket-gopher  ( Geomys  bur • 
sarins)  of  the  Mississippi  Valley  and  Canada. 

Nearly  related  to  the  Gophers  of  North  America  are  the  Mole-rats 
(Spalacida)  of  the  Old  World.  These  have  a  thick  body,  a  broad  flat 
head,  short  legs,  the  tail  rudimentary  or  absent  (fig.  534),  the  molars 


1' 534*'  the  Mole-rat  ( S/atu.v  typhlus ). 

rooted,  and  the  feet  pentadactylous.  They  do  not  possess  the  peculiar 
external  food-pouches  of  the  preceding  group.  The  ears  are  very  small, 
and  may  be  wanting  ;  and  the  eyes  are  very  minute,  and  may  be  covered 
by  the  skin,  so  as  to  be  functionally  useless.  The  Mole-rats  are  all  bur¬ 
rowing  animals,  living  upon  vegetable  substances.  The  true  Mole-rat 
(Spalax  typhlus ,  fig.  534)  inhabits  Eastern  Europe  and  South-western 
Asia,  and  is  quite  blind.  Georychus  and  Bathyergus  are  African  forms  of 
this  group. 

The  last  family  of  the  Myomorph  Rodents  which  needs  notice  here  is 
that  of  the  Dipodidiz  or  Jerboas,  mainly  characterised  by  the  dispropor¬ 
tionate  length  of  the  hind-limbs  as  compared  with  the  fore-limbs.  The 
tail  also  is  long  and  hairy,  and  there  are  complete  clavicles.  The  Jerboas 
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live  in  troops,  and  owing  to  the  great  length  of  the  hind-legs,  they  can 
leap  with  great  activity  and  to  great  distances.  They  are  all  of  small  size, 
and  inhabit  Russia,  North  Africa,  and  North  America.  The  best-known 
members  of  this  family  are  the  common  Jerboas  ( Dipus  agyptiacns)  of 
Africa  and  South-western  Asia,  which  live  in  societies  and  construct 
burrows;  he  Jumping  Hare  [Pedetes  capensis)  of  South  Africa;  and  the 
Jumping  Mouse  (Zapns  hitdsonicus )  of  North  America. 

Section  3.  Hystricomorpha. — The  section  of  the  Por¬ 
cupine-like  Rodents  is  characterised  by  having  the  zygomatic 
arch  formed  by  a  stout  malar  bone,  unsupported  by  the 
maxilla;  the  clavicles  are  complete  or  incomplete;  the  fibula 
is  distinct  from  the  tibia  ;  there  are  four  molars  on  each  side 
in  each  jaw  (reduced  to  three  in  a  species  of  Ctenodactylus ) ; 
and  the  upper  lip  is  usually  not  cleft.  The  principal  families 
included  in  this  section  are  those  of  the  Octodotitidce  (Spiny 
Rats,  &c.),  the  Hystricidce  (Porcupines),  the  Chinchil/idce 
(Chinchillas,  Szc.),  the  Dasyproctidtz  (Agoutis  and  Pacas),  and 
the  Caviida  (Cavies  and  Guinea-pigs). 

The  family  of  the  Octodontida  includes  a  large  number  of  Rodents 
which  are  principally  South  American  and  African  (Octodou,  Echimys, 
Ctenomys,  &c.)  A  well-known  species  is  the  beaver-like  Coypu  [Alyopot- 
amtis  coypus )  of  South  America,  in  which  the  hind-feet  are  webbed,  and 
the  tail  is  long  and  rounded.  It  inhabits  burrows  in  the  sides  of  streams, 
and  it  leads  a  semi-aquatic  life.  Among  the  other  Octodontida ,  the  species 
of  Octodon  live  in  South  America,  and  are  rat-like  Rodents,  with  short 
tufted  tails,  the  molars  being,  typically,  of  a  simple  type.  In  Ctenomys , 
also  South  American,  the  toes  of  the  hind-feet  carry  laterally  a  sort  of 
comb  of  bristles.  The  Spiny  Rats  ( Echimys )  are  found  in  the  West 
Indies  and  in  Africa,  and  have  the  hair  mixed  with  fine  spines,  while 
the  molars  have  complicated  enamel  -  folds.  Petromys  is  an  African 
type. 

In  the  family  of  the  Hystricida:  are  the  well-known  “Porcupines,” 
characterised  by  the  fact  that  the  body  is  always  more  or  less  extensively 
furnished  with  longer  or  shorter  hollow  spines  or  prickles.  The  true 
Porcupines  (Hystrix)  have  non-prehensile  tails,  generally  long  spines,  and 
imperfect  clavicles.  They  are  terrestrial  in  their  habits,  and  are  well 
exemplified  by  the  common  Porcupine  [If.  eristata),  which  inhabits 
Southern  Europe  and  North  Africa.  It  is  a  burrowing  nocturnal  animal. 
Other  species  inhabit  Southern  Asia  and  India.  In  the  allied  genus 
Atherura  the  tail  is  elongated  and  scaly,  and  is  terminated  by  a  bundle  of 
flattened  bristles.  The  known  species  of  this  genus  inhabit  Siam  and 
Malacca,  and  western  Africa. 

The  American  Porcupines  or  Tree-porcupines  differ  from  the  preceding 
in  being  adapted  for  an  arboreal  life,  having  complete  clavicles.  The 
tail  may  or  may  not  be  prehensile.  The  genus  Sphingumts  [Cercolal'es) 
is  wholly  restricted  to  the  Neotropical  region,  and  is  characterised  by  the 
fact  that  the  tail  is  prehensile.  The  genus  Erethizon  differs  from  the 
preceding  in  the  fact  that  the  tail  is  non-prehensile.  It  is  represented  by 
the  well-known  Canada  Porcupine  ( E .  dorsatum),  in  which  the  quills  are 
short  and  half  hidden  in  the  hair. 

The  family  of  the  Chinchillida •  is  exclusively  South  American,  and  com¬ 
prises  only  the  Chinchillas  and  Viscachas — small  nocturnal  animals  which 
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are  strictly  terrestrial  in  their  habits,  and  have  the  hind-legs  longer  than 
the  fore-legs.  The  incisors  are  short,  and  the  molars  rootless.  The  true 
Chinchillas  (Lagidium)  are  squirrel-like,  with  an  exceedingly  soft  fur. 
They  live  in  the  Andes,  extending  up  to  an  elevation  of  16,000  feet.  The 
Viscacha  ( Lagostomus  trichodactylus )  is  more  like  a  Marmot  in  appearance, 
and  inhabits  the  great  plains  of  southern  South  America,  living  in  burrows 
in  the  ground. 

In  the  family  of  the  Dasyproctida  are  the  Agoutis  and  Pacas,  character¬ 
ised  by  having  long  incisors,  molars  at  first  rootless,  but  afterwards  rooted, 
rudimentary  clavicles,  and  five-toed  fore-feet.  The  Agouti  ( Dasyprocta 
aguli,  fig.  535)  is  found  in  Guiana,  Brazil,  and  Peru.  Its  fore-feet  are 
five-toed,  but  the  hind-feet  have  only  three  toes.  Other  species  of  Dasy¬ 
procta  inhabit  South  America  and  the  West  Indian  islands. 


fig-  535* — The  Agouti  ( Dasyprocta  aguti). 


The  Paca  ( Ccelogenys paca )  has  five  toes  on  both  the  hind  and  fore  feet. 
It  has  the  zygomatic  arches  enormously  inllated,  the  maxillary  portion 
being  hollowed  out  into  chambers  which  are  lined  by  mucous  membrane, 
and  open  into  the  mouth,  and  the  use  of  which  is  quite  unknown.  It  in¬ 
habits  Central  and  South  America. 

In  the  family  of  the  Caviidcc ,  the  tail  is  rudimentary ;  the  incisors  are 
short;  the  back  teeth  are  rootless;  the  clavicles  are  rudimentary  or  want¬ 
ing:  the  feet  are,  typically,  three-toed,  and  the  claws  are  in  the  form  of 
hoof-like  nails.  They  are  all  South  American.  The  Capybara  {Hydro- 


S44 


MANUAL  OF  ZOOLOGY. 


chants  capyhara)  is  the  largest  of  living  Rodents,  attaining  a  length  of 
three  or  four  feet.  It  leads  a  semi-aquatic  life,  and  has  the  feet  incom¬ 
pletely  webbed.  The  Cavia  aperca  has  short  legs  and  ears,  and  is  be¬ 
lieved  to  be  the  parent  stock  of  the  domesticated  Guinea-pigs;  while  other 
species  of  Cavy  are  also  found  in  South  America. 


II.  Duplicidentata. 

In  the  section  of  the  Duplicidentate  Rodents,  including 
only  the  Hares,  Rabbits,  and  Calling  Hares,  there  are  only 
two  lower  incisors,  but  there  are  four  upper  incisors.  The 
two  median  upper  incisors  are,  as  in  Rodents  generally,  the 
functional  incisors,  but  behind  these  are  two  small  and  func¬ 
tionally  useless  lateral  incisors.  At  birth  there  is  the  full 
number  of  upper  incisors — viz.,  three  on  each  side  of  the  jaw 
— but  the  outermost  pair  disappear  immediately.  Not  only  are 
the  Duplicidentate  Rodents  distinguished  by  having  an  extra 
pair  of  upper  incisors,  as  compared  with  the  Simplicidentate 
forms,  but  the  incisors  have  a  complete  covering  of  enamel, 
which,  however,  is  exceedingly  thin  upon  the  lateral  and 
posterior  aspects  of  the  tooth.  An  additional  character  of 
this  section  is  that  the  fibula  always  articulates  with  the 
os  calcis. 

The  family  of  the  Leporidcz  includes  the  Hares  and  Rabbits,  distin¬ 
guished  by  the  disproportionate  length  of  hind-legs  as  compared  with  the 
fore-legs,  the  latter  having  five  digits,  while  the  former  are  tetradactylous. 
The  clavicles  are  imperfect.  The  orbits  communicate  from  side  to  side,  by 
the  confluence  of  the  optic  foramina.  The  tail  is  short  and  erect.  The 
dental  formula  is — 


The  common  Hare  (Lcpus  europceus)  ranges  over  the  whole  of  Europe, 
with  the  exception  of  Northern  Scandinavia.  Its  place  in  this  latter 
country  is  taken  by  the  Mountain  Hare  ( Leptts  timid  us  or  L.  variabilis), 
which  becomes  white  in  winter.  This  species  also  occurs  in  Scotland  and 
in  Iceland,  and  the  Leptts  glacialis  of  the  Arctic  regions  seems  to  be  only 
a  variety  of  it.  Of  the  American  Hares  the  commonest  is  the  Leptts 
americamts,  which  ranges  from  the  barren  grounds  in  the  north  to  New 
Mexico  in  the  south,  and  also  turns  white  in  winter.  The  Rabbit  {L. 
cuniatlus)  appears  to  have  been  originally  a  native  of  Mediterranean 
region,  but  has  become  naturalised  over  a  large  part  of  Europe. 

The  family  Lagomydts  includes  only  the  Calling  Hares  or  Pikas  {Lag- 
o/ttys),  which  differ  from  the  true  Hares  in  having  legs  of  nearly  equal 
length,  no  visible  tail,  and  short  ears,  thus  resembling  Guinea-pigs  in 
aspect.  They  have  only  five  back  teeth  on  each  side  of  the  upper  jaw 
(instead  of  six);  and  the  clavicles  are  complete.  The  Calling  Flares 
inhabit  Russia  and  the  whole  of  Northern  Asia,  and  a  single  species  occurs 
in  the  Rocky  Mountains. 
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CHAPTER  LXXIII. 

CHEIROPTERA. 

Order  XIV.  Cheiroptera. — This  order  is  an  extremely 
natural  one,  and  includes  only  the  Bats.  The  anterior  limbs 
arc  longer  than  the  posterior,  and  the  digits  of  the  manus ,  with 
the  exception  of  the  pollex,  are  greatly  elongated,  and  are  united 
by  an  expanded  fold  of  the  skin,  or  “  patagium,"  which  extends 
from  the  fore-limbs  to  the  hind-limbs  and  sides  of  the  body,  and  is 
used  m  flight.  The  three  outermost  digits  of  the  hand,  and  gen¬ 
erally  the  index  also,  are  clawless.  The  clavicles  are  complete  ; 
the  sternum  is  keeled ;  and  the  ulna  and  fibula  are  rudimentary . 
There  are  two  mammary  glands,  and  these  are  pectoral  in  posi¬ 
tion.  The  placenta  is  discoidal. 

The  Cheiroptera  are  essentially  distinguished  from  all  the 
other  Mammals  by  their  possession  of  the  power  of  flight.  The 
apparatus  of  flight  in  the  Bats  consists  of  a  “  patagium,”  or  flying 
membrane,  in  the  form  of  a  fold  of  the  skin  which  is  supported 
upon  the  much-elongated  four  outer  digits  of  the  manus  (fig. 
536),  and  is  prolonged  from  the  hand  and  arm  to  the  side  of 


Fig.  536.— Skeleton  and  outline  of  Bat  (. Phyllostoma  hastntum).  <l\  Thumb  ;  <l-2  Fore¬ 
finger  ;  <4  M  iddle  finger ;  sc  Scapula  ;  cl  Clavicle  ;  /  Femur  ;  t  Tibia  ;  d  Foes. 

the  body  and  hind-limb,  very  often  passing  between  the  hind- 
limbs,  so  as  to  form  an  “  inter-femoral  membrane  ”  in  which  the 
tail  may  be  included.  The  patagium  is  hairless  or  nearly  so. 

The  bones  in  the  Bats  are  not  pneumatic.  The  orbits  are 
not  separated  from  the  temporal  fossae.  The  praemaxillae  are 
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small  or  rudimentary.  The  cervical  vertebra;  are  of  unusual 
size  ;  and  the  caudal  region  of  the  spine  may  be  well  devel¬ 
oped,  or  may  be  rudimentary.  Teeth  of  three  kinds  are  always 


F ig.  537. — Skeleton  of  the  Mouse-coloured  Bat  ( Vespertilio  nturhtus).  a  Humerus; 
/'Scapula;  rtf  Radius,  with  the  rudimentary  ulna  at  its  proximal  end;  c  Carpus; 
/Thumb;  gg  Metacarpal  bones;  ss  Sternum;  /  Pelvis;  i  Supplementary  bone 
attached  to  the  calcaneum. 

present  in  the  dentition,  and  the  canines  are  always  well  de¬ 
veloped  (fig.  538).  The  molars  are  tuberculate  or  grooved  in 
the  frugivorous  Hats,  and  are  cuspidate  in  the  insectivorous 
species. 

The  most  striking  features  in  the  structure  of  the  Cheir- 
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opfera  are,  however,  those  connected  with  the  conformation  of 
the  limbs  (fig.  537).  The  fore-limb  is  larger  than  the  hind- 
limb,  the  strong  and  moderately  long  humerus  articulating 
with  a  very  large  scapula.  The  clavicles  are  complete,  and 
the  sternum  is  keeled.  The  radius  is  long  and  well  developed, 
but  the  ulna  is  reduced  to  a  mere  splint-bone,  which  is  anchy- 
losed  with  the  proximal  end  of  the  radius,  all  power  of  rotation 
of  the  fore-arm  being  thus  lost.  The  thumb  is  short,  and  its 
last  phalanx  carries  a  claw.  The  index  is  long,  but  is  shorter 
than  the  other  digits,  and  often  consists  of  its  metacarpal  only, 
in  other  cases  with  two  short  phalanges  in  addition.  It  is 
usually  clawless,  but  may  (as  in  most  of  the  Pteropodidce)  be 
unguiculate.  Of  the  remaining  digits  the  medius  is  the  longest ; 
and  all  are  clawless,  and  possess  two  or  three  phalanges. 

In  the  hind-limb,  the  fibula  is  incomplete,  and  the  foot  is 
furnished  with  five  clawed  toes.  To  the  os  calcis  is  attached, 
in  most  Bats,  a  cartilaginous  or  bony  process  or  spur,  which 
is  directed  inwards  along  the  lower  margin  of  the  inter-femoral 
membrane,  and  serves  to  put  this  upon  the  stretch  during 
flight.  b 

The  Bats  are  all  crepuscular  and  nocturnal  in  their  habits, 
and  are  sometimes  carnivorous,  sometimes  frugivorous.  The 
eyes  are  small,  but  the  ears  are  very  large,  and  the  sense  of 
touch  is  most  acute.  During  the  day  they  retire  to  caves  or 
crevices  amongst  the  rocks,  where  they  suspend  themselves  by 
means  of  the  hind-feet,  which  are  provided  with  curved  claws. 
In  their  flight,  though  they  can  fly  in  the  genuine  and  proper 
sense  of  the  term,  and  can  turn  with  great  ease,  they  are  by 
no  means  as  rapid  and  as  active  as  are  the  Birds.  Upon 
the  ground  they  progress  with  some  difficulty,  dragging  them¬ 
selves  along  by  means  of  the  hooked  thumbs.  In  temperate 
or  cold  regions  the  Bats  hibernate. 

As  regards  their  distribution  in  space ,  the  Bats  may  be  said 
to  have  a  cosmopolitan  range.  About  four  hundred  species 
are  known,  and  the  largest  number  of  these  are  found  within 
the  tropics.  I  he  Fox-bats  ( Pteropodidce )  are  characteristic  of 
Australia  and  of  the  warm  regions  of  the  Old  World,  but  do 
not  occur  in  North  or  South  America.  The  Horse-shoe  Bats 
(Rhinolop hided)  are  also  totally  wanting  in  the  New  World. 
On  the  other  hand,  the  Vampire  Bats  ( Phyllostoniidce )  are 
wholly  confined  to  the  New  World,  and,  with  the  exception  of 
a  single  species,  are  restricted  to  the  Neotropical  province. 

As  regards  their  distribution  in  time ,  the  Cheiroptera  date 
from  the  Upper  Eocene,  but  the  fossil  forms  present  no  points 
of  special  interest. 
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The  order  Cheiroptera  may  be  divided  into  the  two  sections 
or  sub-orders  of  the  Megacheiroptera,  or  Fruit-eating  Bats,  and 
the  Microcheiroptera,  or  Insect-eating  Bats. 

Megacheiroptera. 

Sub -order  I.  Megacheiroptera  (Frugivora).  —  This 
section  comprises  comparatively  large  forms  of  the  Bats, 
which  are  essentially  frugivorous,  and  in  which  the  molars 
are  marked  with  a  median  longitudinal  groove.  As  an  almost 
universal  rule,  the  index  digit  of  the  manus  is  furnished  with 
a  claw.  The  tail  is  rudimentary,  and  the  nose  is  not  furnished 
with  leaf-like  appendages. 

This  section  includes  only  the  single  family  of  the  Pteropo- 
didce  (Fox-bats),  all  the  species  of  which  are  confined  to 
Australia  and  to  the  warmer  parts  of  the  Old  World. 

The  “Fox-bats”  or  “Flying  Foxes”  are  so  called  from  the  long  and 
pointed  muzzle,  which  gives  them  somewhat  the  appearance  of  a  fox  as 
regards  the  head.  The  ears  in  these  Bats  are  simple  and  of  moderate  size, 
and  the  nose  is  not  disfigured  by  membranous  appendages  (fig.  53^). 


Fig.  538. — Head  of  Pteropus  jubntus ,  of  the  natural  size. 


Though  essentially  frugivorous,  the  Fox-bats  possess  pointed  canines,  and 
do  not  altogether  refuse  to  eat  small  animals.  Their  principal  food,  how¬ 
ever,  consists  of  fruits,  and,  in  accordance  with  this,  the  molars  are  tuber- 
culate  or  grooved,  and  the  intestine  is  of  considerable  comparative  length. 
Not  only  is  the  pollex  clawed,  but  the  index,  with  hardly  an  exception, 
is  so  also.  The  tail  is  rudimentary  or  wanting,  and  the  inter-femoral  mem¬ 
brane  is  much  reduced  in  size.  About  seventy  species  of  Fruit-bats  are 
known,  the  principal  genus  being  Pteropus  itself.  They  are  the  largest  of 
the  Bats,  the  Kalong  ( Pteropus  edulis )  attaining  a  length  of  four  feet  or 
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Microcheiroptera. 

Sub-order  IT.  Microcheiroptera  (Insectivora). — This 
section  of  the  Cheiroptera  comprises  insect-eating  or  blood¬ 
sucking  Bats,  in  which  the  molar  teeth  are  furnished  with 
sharp  cusps.  1  he  index-finger  of  the  manus  is  never  clawed, 
and  the  tail  is  of  considerable  length.  Very  often  the  nostrils 
are  surrounded  by  membranous,  leaf-like  processes.  This  sec¬ 
tion  is  di\  ided  by  Mr  Dobson  into  the  five  families  of  the 
RJiinoIophidce  (Horse-shoe  Bats),  Nycteridce ,  Vesper, tilionidee, 
Emballonurida ,  and  Phyllostomidce  (Vampire  Bats),  the  char¬ 
acters  of  which  are  briefly  given  below. 


Fcim.  1.  Rhinolophidm.— This  family  includes  the  “  Horse-shoe  Bats  ” 
so  called  from  the  possession  of  foliaceous  or  membranous  expansions  of 
the  skin  which  surround  the  nostrils.  There  is  only  a  single  upper  incisor 
and  two  lower  incisors  on  each  side.  The  ears  are  large,  but  have  no 
tragus  or  “earlet."  The  Horse-shoe  Bats  are  entirely  confined  to  the  Old 
\\  orld,  and  are  all  of  small  size.  The  principal  genus  is  Rhinolophus 
itsdf,  of  which  there  are  two  British  species -the  greater  and  lesser 
Horse  -  shoe  Bats  (R.  ferrum- 
equinum)  and  (R.  hipposideros). 

Fam.  2.  Nycteridce.  —  The 
small  group  of  Bats  included 
under  this  head  is  nearly  related 
to  the  preceding,  as  shown  by 
their  possession  of  similar  leaf¬ 
like  nasal  appendages.  The 
ears,  however,  are  of  exception¬ 
ally  large  size,  more  or  less 
united  with  one  another  along 
their  inner  margins  (fig.  539), 
and  having  the  tragus  developed 
so  as  to  form  an  “  earlet.”  The 
middle  digit  of  the  hand  pos¬ 
sesses  two  phalanges. 

The  Bats  of  this  family  are 
inhabitants  of  the  warmer  parts 
of  the  Old  World  (India  and 
Africa  principally),  the  chief 
genus  being  Megaderma. 

Fam.  3.  Ves pertil ion  ida.  — 

This  family  includes  a  large 
number  (about  one  hundred  and 
sixty  species)  of  small  insec¬ 
tivorous  Bats,  which  may  be 
regarded  as  the  most  typical  members  of  the  order  Cheiroptera.  In  their 
dentition  they  nearly  approach  the  order  of  the  Insectivorous  Mammals 
the  molar  teeih  being  furnished  with  small  pointed  eminences  or  cusps’ 
adapted  for  crushing  insects,  and  the  incisors  being  of  small  size.  The 
nose  is  not  furnished  with  leaf-like  appendages,  and  the  tail  is  elongated 
and  enclosed  in  a  large  inter-femoral  membrane  (fig.  540)  The  species  of 

3  H 


539-— Head  of  Meg&dcrma.  frons,  showing 
the  leaf-like  nasal  appendages  and  the  large 
and  partially  united  ears,  with  their  internal 
earlets. 
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this  family  are  generally  distributed  over  the  temperate  and  warm  regions 
of  both  the  Old  and  New  Worlds.  About  fifteen  species  of  this  family  have 
been  described  as  British,  but  of  these  only  two  are  at  all  common.  Of 


Fig.  540 . —  Vespertilio  discolor,  one-half  the  natural  size. 


these,  the  Pipistrelle  (  Vesperngo  pipistrellus )  is  the  commonest,  occurring 
over  the  whole  of  Britain.  The  Long-eared  Bat  ( Plecotus  auritits)  is  also 
not  uncommon,  and  is  distinguished  by  its  greatly  elongated  ears,  which 

are  confluent  above  the 
forehead.  The  largest  Brit¬ 
ish  species  is  the  Noctule 
(  Vesper  ago  noctula),  which 
measures  as  much  as  fifteen 
inches  in  expanse  of  wing. 

Fam.  4.  Emballonuridee. 
— The  Bats  included  in  this 
group  have  thick  legs,  with 
the  fibula  better  developed 
than  usual.  The  nose  is 
almost  always  wholly  des¬ 
titute  of  leaf-like  append¬ 
ages.  The  tail  is  included 
in  the  inter-femoral  mem¬ 
brane  towards  its  base,  but 
it  perforates  this  mem¬ 
brane  at  or  about  its  mid¬ 
dle,  and  generally  exhibits 
a  longer  or  shorter  free 
terminal  portion.  The  members  of  this  family  are  all  insectivorous,  and 
they  are  mostly  inhabitants  of  the  warmer  regions  of  both  the  Old  and 
New  Worlds. 


I'ig.  541. — Skull  of  the  Javelin  Bat  (Phyllostoma  has- 
tattlin'),  showing  the  large  canines  and  cuspidate 
molars. 
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/aw.  5  Phyllostomida. — This  family  includes  the  so-called  “Vampire 
Rats,  and  is  wholly  confined  to  the  New  World,  being,  with  the  exception 
°.  a  5  ahforman  species,  entirely  restricted  to  South  America,  Central 
America  Mexico  and  the  West  Indies.  The  nose  is  furnished  in  the 
ats  of  this  family  with  leaf-like  appendages,  which,  however,  are  some¬ 
times  rudimentary  ;  and  the  middle  finger  of  the  hand  possesses  three 
phalanges  (instead  of  two  as  in  Bats  generally).  The  prEemaxillre  are  well 
developed,  and  the  canines  are  of  large  size  and  pointed  (fig.  541).  Some  of 
he  l  hyllostomida  are  insect-eaters,  and  others  live  on  fruits  ;  but  some  of 
em  have  the  habit  of  sucking  the  blood  of  sleeping  animals,  occasionally 
RttaC,k^g..ma'1  hln]seIf-  1  Ins  habit  has  been  ascribed  to  the  great  Javelin 
Bat  ( Phyllostoma  hastatum ,  fig.  541)  ;  and  there  can  be  no  doubt  as  to  the 
correctness  of  this  charge  in  the  case  of  the  extraordinary  genus  Desmodus , 
n  which  the  adult  has  only  two  upper  incisors,  which  are  of  exceedingly 
large  size  and  sharp-edged,  and  are  used  for  making  an  incision  in  the  skin 
from  which  the  blood  may  be  sucked.  The  great  [avelin  Bat  has  an  ex¬ 
panse  of  wing  of  nearly  two  feet,  and  some  of  the  other  members  of  this 
family  are  nearly  as  large. 


CHAPTER  LXXIV. 


INSECTIVORA. 


Order  X\  .  Insectivora. — This  order  comprises  a  number 
of  small  Mammals  which  are  very  similar  to  the  Rodents  in 
many  respects,  but  want  the  peculiar  incisors  of  that  order, 
and  are  likewise  almost  always  furnished  with  clavicles. 

In  the  Insectivora ,  all  the  three  kinds  of  teeth  are  usually 
present  hut  the  exact  nature  of  the  dentition  varies  considerably 
in  different  cases.  The 
canines  are  rarely  larger 
than  the  incisors,  and  the 
molars  (fig.  542)  are  al¬ 
ways  serrated  with  nu¬ 
merous  small  pointed  em¬ 
inences  or  cusps,  adapted 
for  crushing  insects.  With 
one  exception  ( Pota  mo- 
gale),  clavicles  are  always 
present  in  a  complete 
form.  All  the  feet  are 
usually  furnished  with  Ms- 54**— Dentition  of  the  Common  Mole 

/-  ,  y  •'  ...  ( Talpa  europtra.) 

five  toes  ;  all  the  toes  are 


furnished  with  claws  ;  and  the  animal  walks  on  the  soles  of  the 
feet,  or  is  more  or  less  completely  plantigrade.  The  hallux  is 
never  opposable.  The  testes  pass  periodically  from  the  abdomen 
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into  a  temporary  scrotum;  and  the  placenta  is  deciduate  and 
discoidal. 

The  orbits  may  be  complete,  but  are  more  commonly  con¬ 
fluent  with  the  temporal  fosste.  The  radius  and  ulna  and  tibia 
and  fibula  are  complete  bones,  and  the  latter  are  usually  dis¬ 
tinct  from  one  another,  though  sometimes  (Ennaceus,  &c.)  con¬ 
joined.  The  intestine  commonly  possesses  a  caecum,  which 
is  sometimes  of  large  size  ( Tupaia) ;  but  in  other  cases  ( Son - 
cidcc,  Centetes )  a  caecum  is  wanting.  The  cerebral  hemispheres 
are  small,  not  covering  the  cerebellum,  and  are  almost  or 
wholly  devoid  of  convolutions. 

The  Insectivores  are  mostly  small  nocturnal  animals,  often 
subterranean  in  their  habits,  and  generally  hibernating  in  tem¬ 
perate  countries.  About  one  hundred  and  forty  living  species 
of  the  order  are  known,  about  half  of  these  being  Shrew-mice, 
and  their  distribution  in  space  is  almost  universal.  No  mem¬ 
bers  of  this  order,  however,  are  found  in  Australia  or  in  the 
continent  of  South  America.  T  he  genus  Solenodon,  however, 
occurs  in  Cuba  and  St  Domingo,  and  thus  is  the  sole  repre¬ 
sentative  of  the  Insectivora  in  the  Neotropical  province.  Most 
of  the  families  of  the  order  are  singularly  restricted  in  their 
range.  The  Elephant-shrews,  Potamogale ,  and  the  Golden 
Moles  are  exclusively  African.  The  Centetidcc  are  inhabitants 
of  Madagascar,  but  are  represented  by  Solenodon  in  the  widely 
distant  West  Indies.  The  Shrew-mice,  Moles,  and  Hedge¬ 
hogs  have  the  widest  range  of  any  of  the  groups,  the  fust  two 
of  these  having,  in  fact,  the  range  of  the  whole  order. 

As  regards  their  distribution  in  time ,  the  Insectivora  appear 
for  the  first  time  in  the  Eocene,  and  the  existing  genus  Talpa 
occurs  as  early  as  the  Miocene. 

The  order  Insectivora  is  generally  divided  into  nine  or  ten 
families,  the  principal  characters  of  which  are  as  follow's 

Pam.  i.  Sorici dee. — The  Shrew-mice  are  distinguished  by 
having  the  body  covered  with  hair,  and  the  feet  not  adapted 
for  digging;  whilst  there  are  mostly  external  ears,  and  the  eyes 
are  well  developed.  The  tail  is  nearly  naked,  and  scaly ;  the 
central  upper  and  lower  incisors  are  very  large ;  the  tibia  and 
fibula  are  united;  and  there  is  no  caecum.  Of  all  the  Insecti¬ 
vora,  no  division  is  more  abundant  or  more  widely  distributed 
than  that  of  the  Shrew-mice,  their  range  extending  over  North 
America  and  the  whole  of  the  Old  World  except  Australia. 

In  ceneral  form  and  appearance,  the  Shrews  very  closely  resemble  the 
true  Mice  (Mitruia)  and  the  Dormice  {Myoxida),  but  they  are  in  reality 
widely  different,  and  must  not  be  confounded  with  these.  1  he  common 
Shrew  (So rex  vulgaris),  the  Garden  Shrew  ( Crocidura  aranea),  and  the 
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\\  ater-shrew  (Crossopus  fodiens),  are  well-known  British  species  of  this 
family.  The  smallest  known  Mammal  is  the  little  Etruscan  Shrew  ( Croci - 
dura  suaveolens )  of  the.  countries  bordering  the  Mediterranean,  the  total 
length  of  which,  inclusive  of  the  tail,  is  not  more  than  two  and  a  half 
inches. 

1  he  Desmans  or  Musk-rats,  forming  the  genus  Myogale , 
are  sometimes  placed  here,  sometimes  in  the  family  of  the 
Talpnda ,  and  ate  often  raised  to  the  rank  of  a  distinct  family 
(Myogalidce).  They  have  the  nose  prolonged  into  a  kind  of 
flexible  proboscis,  whilst  the  feet  are  webbed,  and  the  tail  is 
compressed,  thus  adapting  the  animal  for  a  semi-aquatic  life. 
The  hind-feet  aie  much  larger  than  the  fore-feet,  the  small  ears 
aie  hidden  in  the  fur,  and  there  is  a  musk-gland  at  the  root  of 
the  tail.  1  he  central  incisors  and  lateral  lower  incisors  (fiir. 
543)  aie  ' ery  large  and  pyramidal.  The  dental  formula  is — 


1  —  1 
c - 

1 — 1 


> 


pm  - — ^  ; 

4—4 


=  44. 


The  genus  Myogale  is  represented  by  two  living  species 
of  which  one  inhabits 
south  -  eastern  Russia, 
while  the  other  is  found 
in  the  Pyrenees. 

Also  occupying  an  inter¬ 
mediate  position  between 
the  Shrew-mice  on  the  one 
hand  and  the  Moles  on  the 
other  hand,  is  the  singular 
genus  Urotrichus  of  Japan. 

In  this  genus  the  nose  is 
long  and  cylindrical,  termin¬ 
ated  by  a  naked  fleshy  bulb, 
and  extremely  sensitive;  the 
tail  is  moderately  developed 
and  hairy  ;  and  the  fore-feet  I-  ‘S-  543-— Dentition  of  Myogale.  The  upper  figure 
are  adapted  for  burrowing  shows  the  teeth  in  the  upper  jaw,  and  the  lower 
\  1  1  ip  1  c  /  °  ngure  those  of  the  mandible. 

A  closely  allied  form  (some- 

times  regarded  as  a  distinct  genus)  occurs  in  British  Columbia. 


Fam.  2.  Talpidce.  1  his  family  comprises  the  true  Moles, 
m  all  of  which  the  body  is  covered  with  hair;  the  feet  are 
formed  for  digging  and  burrowing,  and  the  toes  are  furnished 
with  strong  curved  claws.  There  are  no  external  ears;  and 
the  eyes  in  the  adult  are  very  small,  or  may  be  covered  by 
the  skin.  I  he  clavicles  are  strong,  the  arm  very  short,  the 
hand  wide,  and  the  palm  turned  outwards  and  backwards. 
I  he  fur  is  short  and  velvety,  and  the  tail  is  generally  very 
short  or  wanting.  1 
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The  common  Mole  ( Talpa  europcea ,  fig.  544)  is  the  only 
British  species  of  the  family,  and  is  too  well  known  to  need 
much  description.  The  dental  formula  of  the  Mole  is — 


c 


1  —  x 
1  —  1 


A _  A  -7 "7 

pm  *  +  ;  m  J  J  =  44. 

4—4  3—3 


The  nearly-allied  Talpa  cczca  of  Southern  Europe  has  the  eyes 
covered  by  a  membrane,  pierced  by  a  small  central  aperture. 
Other  species  of  Talpa  are  found  in  India,  China,  and  Japan. 


Fig.  544. — European  Mole  ( Talpa  curofia-a). 

The  common  Mole  (Talpa  europccd)  ranges  from  Britain  to  China.  The 
cartilages  of  the  nose  in  the  Mole  are  strengthened  by  ossification.  Ihe 
fore-limbs  are  short  and  exceedingly  strong,  the  nianus  broad  and  shovel¬ 
like,  and  the  digits  armed  with  broad  flat  claws.  The  radial  side  of  the 
carpus  supports  a  large  sickle-shaped  sesamoid  bone  (“‘  falciform  bone  ”), 
which  supports  the  pollex  in  digging.  The  humerus  is  excessively  short 
and  strong,  with  great  muscular  ridges,  and  it  articulates  with  the  short 
and  compressed  clavicle  and  with  the  long  and  narrow  scapula.  The  manu¬ 
brium  sterni  is  long,  and  its  front  face  is  keeled.  l'he  hind-feet  are  com¬ 
paratively  small.  The  incisors  are  of  small  size,  and  the  first  lower  prte- 
molar  is  like  a  canine  in  form.  The  eyes,  though  very  small  and  concealed 
within  the  fur,  can  certainly  be  used  as  organs  of  vision.  The  subterranean 
burrows  of  the  Mole  are  complex,  and  its  food  consists  chiefly  of  worms 
and  the  larvte  of  insects. 

The  Star-nosed  Moles  { Condylitra )  are  North  American,  and  are  dis¬ 
tinguished  by  a  fringe  of  elongated  membranous  caruncles  surrounding 
the  nostrils.  The  tail  is  much  longer  than  in  the  typical  Moles  ;  the 
eyes  are  very  minute  ;  and  there  are  no  external  ears. 

Also  North  American  is  the  genus  Scalops ,  comprising  the  so-called 
Shrew-moles.  In  this  genus  the  tail  is  short  ;  the  muzzle  is  long,  with 
the  nostrils  at  its  extremity  ;  and  the  eyes  are  very  small  and  are  hidden 
in  the  fur.  The  common  Shrew-mole  (Scalops  aquaticus)  has  the  hind- 
feet  webbed,  and  is  found  everywhere  in  the  United  States  east  of  the 
M  ississippi. 

Fam.  3.  Chrysochloridce. — This  family  includes  the  so- 
called  “Golden  Moles,”  which  nearly  resemble  the  true 
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Moles  in  form  and  general  habit,  but  have  a  fur  which  is  iri¬ 
descent,  and  which  exhibits  beautiful  metallic  colours.  The 
manus  differs  from  that 


having 


of  the  Moles  in 
the  first  and  fourth  dibits 

O 

very  small,  while  the  sec¬ 
ond  and  third  digits  are 
very  large,  and  are  armed 
with  immense  claws. 
The  clavicles  are  much 
more  slender,  and  are 
longer,  than  in  the  true 
Moles.  The  eyes  are 
very  minute,  and  are 
covered  by  the  skin.  The 
dentition  is  peculiar,  and 
the  upper  molars  (fia. 


Flg-  545-—  Dentition  of  the  Golden  Mole  ( Chryso - 
chloris),  enlarged.  The  upper  figure  shows  the 
teeth  in  the  upper  jaw,  and  the  lower  figure  those 
of  the  mandible. 


545)  resemble  those  of  the  Centetedidoe  and  of  Potamogale  in 
being  V  shaped,  whereas  in  the  Insectivora  generally  they  are 
AY  -shaped.  The  dental  formula  is — 


o  . 
2 — 2  ' 


pm 


3~3 


6 — 6  5  —  e 

m  -  or  3  3  =  26  or  40. 

5—5  4—4 


The  Golden  Moles  are  peculiar  to  Africa,  ranging  from  Cape 
Colony  to  Mozambique.  The  best -known  species  is  the 
Chrysochloris  capensis  of  the  Cape. 

Fam.  4.  Potamogahdce. —  This  family  comprises  only  the 
single  genus  Potamogale ,  which  contains  only  a  single  species 

*-he  Potamogale  ve/ox  of  \\  est  Africa.  This  is  a  singular 
Otter-like  Insectivore,  which  leads  an  amphibious  life,  and 
feeds  upon  fish.  1  he  tail  is  long  and  vertically  compressed, 
and  there  are  no  clavicles.  1  he  animal  is  only  about  eighteen 
inches  in  length,  inclusive  of  the  tail.  Its  upper  molars  have 
the  same  \  -shaped  form  as  is  seen  in  the  same  teeth  in  the 
Golden  Moles. 

Fam.  5.  Centetidce.  —  I  his  family  includes  the  so-called 
“  Tanrecs  ”  or  “Tenrecs”  ( Centetes ,  &c.)  of  Madagascar,  and 
the  Solenodon  of  the  West  Indies.  The  Tanrecs  are  small 
animals,  somewhat  resembling  Hedgehogs  in  appearance  and 
habits,  and  having  the  back  covered  with  hair,  intermixed 
with  fine  prickles,  or  spiny  bristles.  The  muzzle  is  long  and 
pointed,  and  the  tail  is  rudimentary  or  wanting.  The  skull 
is  without  a  zygomatic  arch,  and  the  tympanic  bones  do  not 
form  “bullae.”  The  upper  molars  have  the  V-shaped  form  of 
the  teeth  in  the  two  preceding  families. 
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Allied  to  the  genus  Centetes  are  the  genera  Ericulus,  Echinops,  and 
Geogale,  all  of  which  occur  in  Madagascar,  and  of  which  the  last  has 
relationships  with  the  Soricidce.  Likewise  related  to  the  Tenrecs  is  the 
curious  genus  Solenodon  of  Cuba  and  Hayti,  in  which  the  nose  is  very  long 
and  pointed,  the  tail  is  long  and  scaly,  and  the  body  is  covered  with 
coarse  fur,  without  spines.  The  two  central  incisors  of  the  lower  jaw  are 
small,  and  are  placed  between  long  conical  lateral  incisors  which  are 
deeply  grooved  on  their  inner  surfaces. 

Fam.  6.  Erinaceidce. — The  typical  forms  of  this  family  are 
the  Hedgehogs  ( Erinaceus ),  characterised  by  the  fact  that  the 


Fig.  546. — Skull  of  the  Common  Hedgehog  ( Erinaceus  eurof>eeus),  enlarged. 


upper  part  of  the  body  is  covered  with  prickly  spines,  the  feet 
are  not  adapted  for  digging,  and  the  animal  has  the  power  of 
rolling  itself  into  a  ball  on  the  approach  of  danger.  The 
skull  has  a  complete  zygomatic  arch,  and  tympanic  bullae  are 
present.  The  intestine  is  without  a  caecum.  The  dental 
formula  of  the  Hedgehog  may  be  stated  to  be — 


i 


1 — 1 
1  —  r 


m 


6. 


The  teeth  regarded  as  upper  canines  here  are,  however,  some¬ 
times  considered  as  being  the  first  praemolars,  and  the  lower 
canines  are  sometimes  regarded  as  being  incisors.  The  cen¬ 
tral  upper  and  lower  incisors  are  longer  than  the  others. 


The  common  Hedgehog  (fig.  547)  inhabits  all  Europe  except  Scandi 
navia  and  northern  Russia,  and  is  nocturnal  in  its  habits.  It  feeds  upon 
insects,  worms,  snails,  frogs,  toads,  and  snakes.  The  spines  of  the  young 
animal  are  quite  flexible  and  soft,  and  the  adult  has  the  power  of  rolling 
itself  up  into  a  ball  by  the  contraction  of  the  powerful  “orbicularis  panni- 
culi  ”  muscle. 

Other  species  of  Hedgehogs  are  found  in  Asia  and  in  North  and  South 
Africa.  We  may  also  place  here  the  singular  genus  Gy mn lira,  repre¬ 
sented  by  a  single  species  which  inhabits  Borneo,  Sumatra,  and  the  Malay 
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Peninsula.  In  this  singular  type,  the  body  is  covered  with  long  and  coarse 
fur,  the  tail  is  long  and  scaly,  the  snout  is  long,  and  the  feet  are  five-toed. 

Fam.  7.  Tupaiidce. — The  typical  forms  of  this  family  are  the 
“  Banxrings ”  or  “Squirrel-shrews”  ( Tupciia)  of  India  and  the 


Fig*  547- — The  Hedgehog  {Erinaceus  europwus). 


Malay  Archipelago.  These  are  squirrel-like  Insectivores,  with 
long  bushy  tails,  the  feet  plantigrade,  five-toed,  with  naked 
soles,  and  sickle-shaped  claws.  They  climb  actively  amongst 
the  trees,  and  also  run  with  facility  upon  the  ground.  Closely 
allied  to  the  Tupaice  is  the  little  Ptilocercus  of  Borneo,  in  which 
the  tail  is  very  long,  and  the  hairs  towards  its  extremity  are 
arranged  like  the  barbs  of  a  feather. 

Fam.  8.  Macroscelida. —  This  family  includes  only  the  little 
“  Elephant-shrews  ”  (. Macroscelides )  of  southern  and  northern 
Africa.  They  are  readily  distinguished  by  their  extraordi¬ 
narily  elongated  trunk-like  nose,  resembling  the  proboscis  of 
an  Elephant,  and  their  very  long  Kangaroo-like  hind-legs. 

Fam.  9.  Galeopithecidce. — This  family  comprises  only  the 
aberrant  genus  Galeopithecus ,  which  is  in  some  respects  inter¬ 
mediate  in  its  characters  between  the  Insectivores  and  the 
Lemurs.  Only  two  certainly  established  species  of  Galeopithe¬ 
cus  are  known,  the  G.  votans  of  Malacca,  Sumatra,  and  Borneo, 
and  the  G.  philippinensis  of  the  Philippine  Islands.  The 
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“  Colugos  ”  or  “  Flying  Lemurs,”  as  these  animals  are  often 
called,  are  distinguished  by  the  possession  of  a  hairy  flying- 
membrane,  or  “patagium,”  in  the  form  of  a  great  lateral  fold 
of  the  skin  which  extends  from  the  nape  of  the  neck  to  the 
fore-limbs,  from  these  to  the  hind-limbs,  and  from  these  again 
to  the  tail.  The  toes  of  the  hind-feet  are  also  united  by  a  web 
of  the  skin,  but  the  manus  has  the  digits  free,  and  in  no  way 
specially  elongated.  Neither  the  hallux  nor  the  pollex  are 
opposable.  The  Galeopitheci  have  no  power  of  true  flight ; 
but  the  patagium  acts  as  a  parachute,  and  enables  the  animal 
to  take  extended  leaps  from  tree  to  tree. 

The  dental  formula  of  Galeopithecus  is — 


The 


^  ^  A 

~  ~  o4* 


;  wi 

o  o 

comb  -  like,  having  their 
crowns  split  into  narrow 
strips.  The  outer  upper 
incisors  and  the  canines 
of  both  jaws  have  double 
roots.  The  praemolars 
and  molars  have  cuspi¬ 
date  crowns. 

The  Galeopitheci  are 
not  habitually  insectivor¬ 
ous  as  regards  their  diet, 
but  appear  to  live  prin¬ 
cipally,  if  not  exclusively, 
upon  fruits  and  leaves.  The  stomach  is  of  large  size,  and  the 
intestine  has  a  long  caecum.  The  Colugos  are  arboreal  in 
their  habits,  and  are  principally  active  at 


Fig.  548-  —  Front  of  the  lower  jaw  of  Galeopithc 
cus  volans ,  showing  the  form  of  the  incisors 
(After  Owen.) 


night. 


CHAPTER  LXXV. 

PRIM  A  TES. 

Order  XVI.  Primates. — It  is  now  very  general  to  regard 
Man  as  being,  zoologically,  a  member  of  a  single  order  with 
the  Monkeys,  and  this  arrangement  is  an  entirely  defensible 
one  so  long  as  merely  anatomical  characters  are  taken  as  the 
basis  of  classification.  The  order  Primates ,  therefore,  in  a 
narrower  sense  than  that  in  which  I.innteus  understood  the 
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term,  may  be  substituted  for  the  two  orders  of  the  Quadnt- 
nia/ia  and  Bimana,  which  have  been  employed  by  Cuvier, 
Owen,  and  many  other  writers,  for  the  reception  of  the  Mon¬ 
keys  on  the  one  hand,  and  of  Man  on  the  other  hand. 

Fhe  Primates  may  be  defined  by  the  possession  of  perfect 
clavicles  which  articulate  with  the  top  of  the  sternum.  The  radius 
and  ulna  and  tibia  and  fibula  are  complete ,  and  are  not  anchy- 
losed  with  one  another.  (  I  he  tibia  and  fibula  are  conjoined 
inferiorly  in  Tarsius).  The  hallux  has  a  fiat  nail,  and  is  com¬ 
monly  opposable  to  the  other  digits.  The  pollex  is  also  usually 
opposable  to  the  other  digits  of  the  man  us.  The  typical  dental 
formula  is — 


1  —  1  ,  2 — 2 

c  ;  pm  —  or 
x — x  2 — 2 


m 


n _ <7 

J  =  32  or  36. 
3—3 


In  no  instance  are  there  more  than  thirty-six  teeth  altogether , 
and  the  molars  always  have  broad  and  tuberculate  crowns .  The 
mammary  glands  are  typically  two  in  number,  and  are  almost 
always  pectoral  in  position.  "The  placenta  is  discoidal. 

The  order  Primates  may  be  considered  under  the  three 
primary  sections  of  ( 1 )  the  Lemuroidea,  embracing  the  Strepsi- 
rhine  Monkeys  or  Lemurs,  and  their  allies;  (2)  the  Simioidea, 
including  the  Platyrhine  and  Catarhine  Monkeys  ;  and  (3) 
Man. 


I.  Lemuroidea. 

T  he  Lemuroids,  Prosimu,  or  Strepsirhina,  are  small  arboreal 
animals,  with  the  fore-limbs  shorter  than  the  hind-limbs,  and 
the  hallux  opposable  to  the  other  digits,  as  also  the  pollex  is 
as  a  rule.  I  he  second  digit  of  the  hind-foot  has  a  curved 
claw,  but  in  the  typical  Lemuroids  all  the  other  digits  of  both 
the  pes  and  the  rnanus  have  nails,  those  of  the  hallux  and 
pollex  being  flat,  while  those  of  the  other  digits  are  more 
claw-like.  1  he  incisors  (except  in  Cheiromys )  are  two  in 
number  on  each  side  of  each  jaw,  and  the  lower  incisors  are 
produced  and  slanting.  The  nostrils  (fig.  549)  are  twisted 
and  curved,  with  their  convexities  turned  outwards,  and  placed 
at  the  end  of  the  snout.  It  is  upon  this  peculiarity  in  the 
shape  of  the  nostrils  that  the  name  of  Strepsirhina,  applied  to 
the  group  by  Owen,  was  based.  There  may  be  two  abdo¬ 
minal  mammary  glands  ( Cheiromys ),  or  there  may  be  abdo¬ 
minal  mammae  in  addition  to  the  pectoral  pair.  None  of  the 
Lemuroids  have  a  prehensile  tail,  cheek-pouches,  or  natal 
callosities. 

About  fifty  species  of  Lemuroids  are  known,  the  majority 
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of  which  are  peculiar  to  Madagascar.  This  is  the  case  with 
all  the  true  Lemurs,  the  Indrises,  and  the  Aye-aye  ( Cheiromys ). 
Many  of  the  Galagos,  the  Potto,  and  the  Arctocebus  are  natives 


Fig.  549. — Head  of  /mins  V erreau-vii,  showing  the  “  Strepsirhine”  type 
of  nostrils.  (After  Grandidier.) 


of  the  mainland  of  Africa.  The  “Slow  Lemurs”  ( Nycticebus ) 
are  confined  to  the  Oriental  province,  as  are  the  Loris  (Cey¬ 
lon),  and  the  Tarsier  (Sumatra,  Borneo,  tkc.).  Speaking 
roughly,  therefore,  it  may  be  said  that  the  Lemuroids  have 
Madagascar  as  their  geographical  centre,  but  that  they  spread 
westwards  from  this  into  Africa,  and  eastwards  to  India  and 
the  Indian  Archipelago. 

As  regards  their  distribution  in  time ,  the  Eocene  deposits  of 
both  Europe  and  North  America  have  yielded  the  remains  of 
a  number  of  small  Mammals  which  have  been  referred  to  the 
Lemuroids.  Some  of  these  (such  as  Necrolemur )  seem  to  be 
closely  related  to  the  recent  Lemurs.  Others,  again,  are  of 
a  generalised  type,  and  show  relationships  to  the  Insectivores 
or  to  the  Ungulates. 

The  Lemuroidea  comprise  the  three  families  of  the  Cheir- 
oniydce,  Tarsiidce,  and  Lemuridce,  of  which  the  two  first  in¬ 
clude  each  but  a  single  genus  and  single  species,  while  all 
the  other  forms  of  the  group  are  contained  in  the  third. 

Fain.  1.  Cheiromydce. — This  family  is  characterised  by  the 
non-opposable  character  of  the  pollex  and  the  reduction  of 
the  incisors  to  one  on  each  side  of  each  jaw,  and  it  includes 
only  the  extraordinary  animal  known  as  the  Aye-aye  ( Cheir - 
omys  madagascariensis).  The  Aye-aye  in  appearance  is  not 
very  unlike  a  large  Squirrel,  having  a  hairy  body  and  a  long 
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bushy  tail.  The  dentition  (fig.  550)  is  very  like  that  of  a 
Rodent,  there  being  only  a  single  incisor  on  each  side  of  each 
jaw,  and  no  canines,  so  that  there  is  a  wide  gap  between  the 


Fig.  550. — Skull  of  the  Aye-aye  ( Cheiromys ),  viewed  laterally  and  from 
the  front.  (After  Owen.) 


incisors  and  back  teeth.  Moreover,  the  incisors  have  chisel¬ 
shaped  edges,  and  grow  from  permanent  pulps  ;  but  the  enamel 
covers  their  entire  surface.  The  dental  formula  is — 


i 


1 — 1 

? 

1 — 1 


c 


o — o  _ 
-  ) 

o — o 


pm 


1 — T 
o — o  ’ 


III 


=  18. 


The  fore-feet  have  five  toes,  armed  with  strong  claws,  but 
the  pollex  is  not  opposable  to  the  other  digits.  The  middle 
finger  is  about  as  long  as  the  ring-finger,  but  only  about  half 
as  thick,  its  last  two  joints  being  hairless.  The  hind-feet 
have  also  five  toes,  of  which  the  hallux  is  opposable,  and  the 
second  digit  is  furnished  with  a  long  claw ;  as  are  all  the  toes 
except  the  hallux,  which  has  a  flat  nail.  The  Aye-aye  is  con¬ 
fined  to  the  forests  of  Madagascar. 

Fam.  2.  Tarsiidce. — This  family  includes  only  the  extra¬ 
ordinary  little  “  Tarsier  ”  ( Tarsius  spectrum)  of  Borneo,  Sum¬ 
atra,  Celebes,  and  Banca,  remarkable  for  the  great  length  of 
the  pes,  due  to  the  elongation  of  the  tarsus,  and  particularly 
of  the  calcaneum.  It  is  a  little  arboreal  animal,  about  as  big 
as  a  Squirrel,  with  enormously  large  eyes  and  a  long  tail. 
The  two  upper  central  incisors  are  larger  than  the  lateral  ones, 
and  there  is  only  a  single  incisor  on  each  side  in  the  lower 
jaw.  The  dental  formula  is — 


O  -  'J 

l 


c 


1- 


1 

> 


HI 


3—3 
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1  —  1 
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Fain.  3.  Lemuridce. — The  members  of  this  family  are  char¬ 
acterised  by  the  fact  that  the  pollex,  as  well  as  the  hallux,  is 
opposable  and  furnished  with  a  nail.  There  are  two  incisors 
on  each  side  of  each  jaw,  and  the  lower  incisors  are  directed 
forwards  (fig.  551). 


fig.  551.— -Side  view  of  the  skull  of  a  Lemuroid  ( Nycticebus ,  or  Stenops ,  iardigradus). 

(After  Gtebel.) 

The  typical  forms  of  this  family  are  the  true  Lemurs  ( Lem  urines ),  in 
which  the  muzzle  is  elongated  and  pointed,  and  the  nails  on  all  the  toes 
are  flat,  with  the  exception  of  the  second  toe  of  the  hind-foot,  which  is 
furnished  with  a  long  and  pointed  claw.  The  body  is  covered  with  a 
woolly  fur,  and  the  tail  is  usually  of  considerable  length,  and  is  covered 
with  hair.  The  dental  formula  in  Lemur  itself  is — 


The  Lemurs  are  all  natives  of  Madagascar,  and  are  often  domesticated. 
Well-known  species  are  the  Ring-tailed  Lemur  (Z.  catta)  and  the  White- 
fronted  Lemur  ( L .  albifrons). 

Allied  to  the  preceding  is  a  group  of  the  Lemttridic  of  which  the  genus 
Jndrts  is  the  type  (Indrtsina).  These  have  a  shorter  muzzle  than  the 
true  Lemurs,  and  have  only  two  prcemolars  on  each  side  of  each  jaw. 
Well-known  species  are  the  Woolly  Lemur  (/ndris  laniger)  and  the 
Diadem  Lemur  (/.  dtadenia).  All  the  forms  of  this  group  are  confined 
to  Madagascar. 

A  third  group  of  the  Lcmuridcc  is  that  of  the  “  Galagos, ”  comprising 
the  genera  Cheirogale  and  Galago.  These  have  the  tarsus  greatly  elon¬ 
gated.  The  genus  Cheirogale  is  confined  to  Madagascar,  but  the  species  of 
Galago  are  widely  distributed  over  Africa,  being  most  abundant  in  the 
western  part  of  the  continent,  but  ranging  to  Senegal  and  the  southern 
borders  of  the  Sahara.  The  Galagos  are  elegant  little  animals,  with  long 
bushy  tails,  large  eyes,  and  large  membranous  ears.  A  well-known 
species  is  the  Maholi  Galago. 

The  remaining  members  of  the  l.cmuridtc  are  grouped  together  to  form 
a  special  sub-family  (Nyclicelntiu  ),  to  which  the  name  of  “  Slow  Lemurs  ” 
is  often  given  on  account  of  the  slow  movements  of  the  animals  composing 
it.  In  t his  group  there  is  no  tail,  or  but  a  rudimentary  one  ;  the  limbs 
are  nearly  equal  in  size  ;  the  ears  are  short  and  rounded,  and  the  eyes  are 
large,  and  are  placed  close  together.  The  species  of  this  family  are  all  of 
small  size,  and  are  exclusively  confined  to  the  eastern  portion  of  the  Old 
World,  occurring  in  Java,  Ceylon,  the  southern  parts  of  Asia,  and  other 
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localities  in  the  same  geographical  area.  They  are  nocturnal  in  their 
habits,  living  mostly  on  trees,  and  feeding  upon  insects.  '  The  best-known 
species  are  the  Slender  Loris  {Lon's,  or  Stenops,  gracilis)  of  Ceylon,  and  the 
Nycticebus  lardtgradus  of  the  East  Indies.  Here  also  belongs  the  “  Potto  ” 
( Perodicticus )  of  Sierra  Leone,  in  which  the  index-finger  is  rudimentary, 
and  the  Arctocebus  of  Old  Calabar,  in  which  this  digit  is  reduced  to  a 
tubercle,  and  the  tail  is  rudimentary. 


II.  SlMIOIDEA. 

In  the  section  of  the  Simioidea  or  Simiadce  are  included  all 
the  animals  ordinarily  known  as  Monkeys  and  Apes — the 
Platyrhine  and  Catarhine  Monkeys  of  Owen.  These  are  dis¬ 
tinguished  from  the  other  members  of  the  Primates  by  having 
the  hallux  much  shorter  than  the  other  digits  of  the  pes,  and 
always  opposable.  There  is  an  interval  ( diastema )  between 
the  upper  canines  and  incisors  and  between  the  lower  canines 
and  the  first  praemolars,  the  largely  developed  canine  teeth 
being  thus  enabled  to  pass  each  other  when  the  mouth  is 
closed.  There  is  but  a  single  pair  of  mammary  glands,  and 
these  are  pectoral  in  position.  In  many  cases,  the  cheeks 
are  dilated  into  “  cheek  -  pouches,”  and  there  are  often 
spaces  of  thickened  and  naked  skin  over  the  ischia  (“natal 
callosities  ”). 

The  Simioidea  are  divided  into  the  three  groups  of  the  Arcto¬ 
pithecini  (Marmosets),  the  Platyrhina  (Spider-monkeys,  Howl¬ 
ing  Monkeys,  &c.),  and  the  Catarhina  (Macaques,  Baboons, 
Apes,  &c.),  of  which  the  first  two  groups  are  wholly  Neotropi¬ 
cal  in  their  range,  and  the  last  is  entirely  confined  to  the 
warmer  parts  of  the  Old  World,  and,  with  the  exception  of 
one  species  of  Macaque,  is  restricted  to  Africa  and  to  Asia 
and  its  islands. 

As  regards  their  distribution  in  tune ,  the  earliest  types  ap¬ 
pear  in  the  Miocene  Tertiary  of  Europe,  some  of  these  early 
forms  belonging  to  types  now  extinct  ( Dryopithecus  and 
P/iopithecus),  while  others  have  been  referred  to  existing 
genera.  All  the  early  forms  of  the  Monkeys  from  the  Euro¬ 
pean  Tertiaries  are,  moreover,  referable  to  the  section  of  the 
Catarhina ,  which  at  the  present  day  is  confined  to  the  limits  of 
the  eastern  hemisphere. 

A.  Arctopithecini. — This  group  includes  only  the  Marmo¬ 
sets  and  their  allies  (Hapalidce),  often  placed  in  the  next  sec¬ 
tion  of  the  Monkeys,  as  their  nose  is  of  the  “platyrhine”  type, 
having  the  nostrils  simple  and  placed  widely  apart.  The 
Arctopithecini  have  the  tail  long,  hairy,  and  not  prehensile; 
there  are  no  cheek-pouches,  nor  natal  callosities;  the  fore- 
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limbs  are  shorter  than  the  hind-limbs ;  the  pollex  is  not 
opposable ;  and  all  the  digits  are  clawed,  with  the  exception 
of  the  opposable  hallux,  which  has  a  flat  nail.  The  number  of 
the  teeth  is  the  same  as  in  the  Catarhine  Monkeys  and  in 
Man,  but  there  is  a  prsemolar  more  and  a  molar  less  on  each 
side  of  each  jaw.  The  molar  teeth  have  pointed  cusps. 
The  dental  formula  is — 


The  Hapalidce  are  all  small  Monkeys,  mostly  about  as  big 
as  Squirrels,  and  they  are  exclusively  South  American,  occur¬ 
ring  especially  in  Brazil.  The  best-known  species  is  the 
common  Marmoset  ( Hapale  Jacchus ),  but  several  species  are 
domesticated  and  kept  as  pets.  The  genus  Midas  comprises 
small  Monkeys  which  differ  from  the  Marmosets  chiefly  as 
regards  the  inclination  of  the  incisor  teeth. 

B.  Platyrhina. — This  section  includes  all  the  South  Amer¬ 
ican  Monkeys  with  the  exception  of  the  Hapalidce.  The 
tail  in  the  Platyrhine  Monkeys  is  long  and  is  commonly 
prehensile ;  there  are  no  cheek-pouches  nor  natal  callosities ; 
the  fore-limbs  are  mostly  shorter  than  the  hind-limbs ;  and  the 
pollex  is  not  opposable  to  the  other  digits.  The  nostrils  are 
of  the  “  platyrhine  ”  type,  being  separated  by  a  broad  septum, 
and  opening  laterally.  There  are  three  molars  on  each  side 
of  each  jaw,  as  in  the  Catarhine  Monkeys  and  in  Man,  while 
there  is  a  praemolar  more  on  each  side  than  in  these.  The 
dental  formula  is — 


1  1  ;  pm  J  J  ;  ;// 

i  — 1  3—3 


c 


The  section  of  the  Platyrhina  includes  the  single  family  of 
the  Ccbidce ,  all  the  members  of  which  are  confined  to  the 
Neotropical  province,  ranging  “from  the  southern  part  of 
Mexico  to  about  the  parallel  of  30°  south  latitude”  (Wallace). 
They  are  arboreal  in  their  habits,  and  live  partly  on  fruits  and 
partly  upon  insects. 

The  Spider  -  monkeys  (A teles),  the  Howling  Monkeys 
( Mycetes ),  the  “Sapajous”  or  “Capuchins”  (Cebt/s),  and  the 
Squirrel  -  monkey  ( Callithrix),  may  serve  as  typical  examples 
of  this  section  of  the  Primates.  In  Ateles  the  tail  is  long, 
slender,  and  powerfully  prehensile ;  and  the  limbs  are  very 
long  and  slender.  The  pollex  is  absent,  or  is  quite  rudimen¬ 
tary.  in  Mycetes  there  is  a  bony  drum  which  is  formed  by  a 
dilatation  of  the  os  hyoides  and  communicates  with  the  larynx. 
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The  voice  is  thus  rendered  extraordinarily  resonant.  The 
pollex  is  not  opposable,  but  is  placed  on  a  line  with  the 
other  fingers. 

In  the  so-called  “  Sakis  ”  ( Pithecudie )  the  tail  is  sometimes 
long  (Pithed a),  sometimes  short  (Brachy  tirus),  but  is  never 
prehensile,  while  the  lower  incisors  are  inclined  forwards. 
The  little  “Night-apes”  (Nyctipithecus)  also  have  non-pre- 
hensile  tails,  but  the  lower  incisors  are  vertical,  and  the  eyes, 
in  accordance  with  the  nocturnal  habits  of  the  animal,  are  of 
immense  size. 

C.  Catarhina.  —  In  the  Old  World  Monkeys  included  in 
this  group,  the  tail  may  be  long,  or  short,  or  wanting,  but  is 
never  prehensile.  Cheek-pouches  and  natal  callosities  are 
often  present.  I  he  pollex  (wanting  in  Colobus )  is  opposable 
to  the  other  digits.  The  nostrils  are  of  the  “catarhine  ”  type, 
being  oblique,  separated  by  a  narrow  septum,  and  so  directed 
as  to  look  downwards.  The  number  of  prsemolars  and  molars 
is  the  same  as  in  man,  and  the  dental  formula  is — 


The  incisors  are  more  or  less  prominent,  and  the  canines _ 

especially  in  the  males  —  are  of  proportionately  large  size. 
There  is  always  a  diastema  or  gap  in  front  of  the  upper 
canines  and  behind  the  lower  canines. 

The  facia]  portion  of  the  skull  is  always  more  developed  in  proportion 
to  the  size  of  the  brain-case  proper  than  is  the  case  in  Man,  this  being 


1  ig*  552-  Side  view  of  tile  .skull  of  a  Baboon  {Cy nocep Julius  ursinus).  (After  Giebel.) 


most  conspicuous  in  the  Iiaboons  (fig.  552),  and  least  so  in  the  Anthropo¬ 
morphous  Apes.  The  brain-case  is  of  much  the  same  form  as  in  Man, 
and  the  cerebral  fossa  may  or  may  not  project  backwards  over  the  cere- 
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bellar  fossa.  The  praemaxillae  remain  as  permanently  distinct  bones,  the 
sutures  between  these  and  the  maxillae  only  becoming  obliterated  in  aged 
specimens.  The  nasal  bones  often  anchylose  with  one  another  in  the 
middle  line.  There  is  a  tubular  meatus  auditorius,  and  there  is  no  tym¬ 
panic  bulla  (a  tympanic  bulla  is  present  in  the  Platyrhina).  Except  in  one 
of  the  Gibbons  (the  Siamang),  the  mandible  has  no  “  chin,”  or  “  mental  ” 
protuberance.  Lastly,  the  supraciliary  ridges  (fig.  552)  are  generally  of 
great  size. 

The  Catarhine  Monkeys  are  essentially  African  and  Asiatic, 
and  are  wholly  confined  to  the  Old  World.  A  single  species, 
the  Barbary  Ape  ( Macacus  inuus ),  is  found  on  the  Rock  of 
Gibraltar,  and  is  the  only  Monkey  which  inhabits  Europe. 
No  Monkeys  are  found  in  Australia,  but  a  species  of  Macaque 
inhabits  the  island  of  Timor,  and  thus  belongs  to  the 
Australian  province. 

The  Catarhine  Monkeys  are  divided  into  the  three  families 
of  the  Cynopithecidce,  Seninopithecidce ,  and  Anthropomorpha. 

Fam.  i.  Cynopithecidce.— The  Monkeys  included  in  this 
family  (Macaques,  Guenons,  Baboons,  Nc.)  possess  cheek- 
pouches  and  natal  callosities.  The  condition  of  the  tail  is 
variable,  being  sometimes  long,  sometimes  short,  or  wanting. 
The  muzzle  is  usually  prominent.  The  fore-limbs  are  longer 
than  the  hind-limbs,  and  the  progression  on  the  ground  is 
quadrupedal,  the  animal  applying  the  soles  ot  the  feet  and 
the  palms  of  the  hands  to  the  ground.  The  caecum  has  no 
vermiform  appendix,  and  the  outer  lower  incisors  are  not 
larger  than  the  central  ones. 

Some  of  the  Monkeys  included  in  this  family  are  small,  long-tailed,  and 
comparatively  graceful  animals.  This  is  the  case  with  the  little  African 
Monkeys  known  as  “Guenons,”  “ Green  Monkeys,”  Ac.  ( Cercopithecus ), 
and  the  “  Mangabeys,”  ( Cercocebus ,  fig.  5531-  Nearly  related  to  the  pre¬ 
ceding  are  the  “Macaques”  (Macacus),  which  are  found  both  in  Africa 
and  over  the  whole  of  Southern  Asia  and  the  Malay  Archipelago,  and  in 
which  the  tail  is  often  short  or  wanting.  Well-known  examples  of  these 
are  the  Rhesus  Monkey  (M.  rhesus)  of  India,  the  Wanderoo  (.1/.  silentts) 
of  Malabar,  the  common  Macaque  (.1/.  cynomolgus)  of  Southern  Asia  and 
the  Malay  Archipelago,  and  the  Barbary  Ape  (M.  inuus)  of  North  Africa 
and  the  Rock  of  Gibraltar. 

A  special  group  of  the  Cynopithecidce  is  constituted  by  the  Baboons 
(Cynocephalus),  which  are  all  inhabitants  of  Africa  and  Arabia.  The 
Baboons  are  large,  dog-faced  Monkeys,  with  long  muzzles  and  terminal 
nostrils.  The  fore  and  hind  limbs  are  of  nearly  equal  length,  and,  more 
than  any  others  of  the  Monkeys,  they  employ  the  fore-limbs  in  terrestrial 
progression,  running  upon  all-fours  with  the  greatest  ease.  The  supra¬ 
ciliary  ridges  of  the  skull  are  very  pronounced  (fig.  552),  and  the  canines 
are  of  large  size.  The  natal  callosities  are  large  and  conspicuous,  and  com¬ 
monly  of  some  bright  colour.  Among  the  best  known  of  the  Baboons 
are  the  Mandrill  ( Cynocephalus  maimon)  and  Drill  (C.  leucoptneus)  of 
Western  Africa;  the  common  Baboon  (C.  papio)  of  Eastern  Africa;  the 
Chacma  or  Pig-faced  Baboon  (C.  porcartus)  of  South  Africa  ;  and  the 
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Sacred  Baboon  or  Gray  Baboon  (C.  hamadryas)  of  Abyssinia  and  the 
western  littoral  of  Arabia.  Possibly  allied  to  the  Baboons  is  the  genus 

the  only  known  species  of  which  is  found  in  Celebes  and 
tne  Philippine  Islands. 


Fig-  553- — Ccrcocebus  moua,  one-seventh  of  the  natural  size. 

Fam.  2.  Semnopithecid.ee. — This  family  comprises  the  Sem- 
nopitheci  of  the  Oriental  province  and  the  Co/obi  of  Africa, 
which  have  the  tail  long,  and  possess  natal  callosities,  but 
which  have  no  cheek-pouches.  The  fore-limbs  are  shorter 
than  the  lnnd-limbs,  and  progression  on  the  ground  is  quad¬ 
rupedal.  1  he  pollex  is  small,  and  may  be  wanting  altogether, 
che  caecum  is  without  a  vermiform  appendix,  and  the  outer 
lower  incisors  are  not  larger  than  the  central  ones. 

The  genus  .S emnopithecus  is  wholly  confined  to  Southern  Asia  and  the 
Malay  Archipelago,  m  which  regions  it  is  represented  by  a  number  of 
species.  WeH-known  forms  are  the  Entellus  Monkey  or  Sacred  Monkey 
of  the  Hindoos  (S.  entellus ),  and  the  Proboscis  Monkey  or  Kalian  (S.  or 
Presbytis ,  nasahs)  of  Boineo,  in  which  the  nose  is  greatly  prolonged 
The  genus  Colobus  is  wholly  African,  and  differs  from  Semnopithecus  in 
the  fact  that  the  pollex  is  wanting. 

Fam.  3.  AnthropomorpJia. — The  Anthropomorphous,  or 
Anthropoid,  Apes  included  in  this  section  are  destitute  of  a 
tail  and  of  cheek-pouches,  while  there  are  mostly  no  natal 
callosities.  The  fore-limbs  are  longer  than  the  hind-limbs 
(%•  554)>  and  the  animal  can  progress  in  a  semi-erect  posi¬ 
tion.  1  he  ctecum  has  a  vermiform  appendix,  and  the  outer 
lower  incisors  are  larger  than  the  central  ones,  the  reverse  of 
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this  obtaining  in  the  upper  jaw.  The  sternum  is  broad  and 
flat,  as  it  is  in  Man,  and  they  are  for  this  reason  sometimes 


Fig.  554. — Skeleton  of  the  Gorilla  Troglodytes  gorilla). 


spoken  of  as  “  Latisternal  Apes.”  The  pollex  is  never  rudi¬ 
mentary,  and  is  always  opposable  to  the  other  digits.  I  he 
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hallux  is  articulated  at  an  angle  to  the  other  digits,  and  is 
opposable.  The  spine  shows  a  single  curve,  and  articulates 
with  the  back  of  the  skull.  The  canines  are  of  large  size, 
especially  in  the  males.  1  he  muzzle  projects  to  a  greater  or 
less  extent,  and  the  muscular  ridges  of  the  skull  are  usually 
greatly  developed. 

1  his  group  of  the  Catarhina  includes  the  Gibbons  ( Hylo - 
bates),  the  Orang-utan  (Simia  or  Pithecus ),  and  the  Chimpan¬ 
zee  and  Gorillas  ( Troglodytes ),  of  which  the  two  former  are 
confined  to  the  Oriental  province,  while  the  latter  are  exclu¬ 
sively  African. 


The  Gibbons  form  the  genus  Hylobates,  and  inhabit  South-eastern  Asia 
and  the  Indian  Archipelago.  The  arms  are  extremely  long,  and  the  hands 
reach  to  the  ankles,  or  even  to  the  ground,  when  the  animal  stands  in  an 
erect  position.  There  is  no  tail,  but  small  natal  callosities  are  present. 
The  body  is  covered  with  a  thick  fur.  The  sternum  is  wider  than  in  the 
other  Apes,  and  in  one. species  (the  Siamang)  there  is  a  distinct  chin.  The 
largest  of  the  Gibbons  is  the  Siamang  (//.  syndactylus) ,  which  inhabits  the 
Malay  Peninsula  and  Sumatra.  It  derives  its  specific  name  from  the  fact 
that  the  index  and  middle  toes  are  united  by  the  skin  to  the  last  joint. 
Other  well-known  species  are  the  White-handed  Gibbon  (//.  tar)  and  the 
Silvery  Gibbon  (//.  leuciscus). 

In  the  Orang;  or  “Mias  ”  ( Simia  satyrus )  there  are  neither  cheek-pouches 
nor  natal  callosities,  and  the  hips  are  covered  with  hair.  As  in  the  Gibbons, 
the  arms  are  excessively  long,  reaching  considerably  below  the  knee  when 
the  animal  stands  in  an  erect  posture.  The  hind-legs  are  very  short,  and 
there  is  no  tail.  \\  hen  full  grown,  the  Orang  stands  about  four  feet  high. 
It  never  progresses  with  the  help  of  a  stick,  or  walks  erect  at  all,  except 
along  the  branches  of  trees,  supporting  itself  by  a  higher  branch,  or  when 
attacked.  When  young,  the  head  of  the  Orang  is  not  very  different  from 
that  of  an  average  European  child  ;  but,  as  the  animal  grows,  the  facial 
bones  become  gradually  produced,  whilst  the  cranium  remains  in  a  toler¬ 
ably  stationary  condition  ;  great  bony  ridges  are  developed  for  the  attach¬ 
ment  of  the  muscles  of  the  jaws  and  face  ;  the  incisors  project  ;  and  ulti¬ 
mately  the  muzzle  becomes  as  pronounced  and  well-marked  a  feature  as  in 
many  of  the  Carnivora  (fig.  555>  A).  The  Orangs  are  inhabitants  of 
Sumatra  and  Borneo.  I  hey  are  arboreal  in  their  habits,  and  form  for 
themselves  a  sort  of  nest  or  shelter  amongst  the  trees.  The  forehead  is 
rounded,  the  cerebrum  is  greatly  convoluted,  and  the  canine  teeth  of  the 
full-grown  males  are  very  large. 

The  genus  Troglodytes  contains  the  Chimpanzee  ( T.  niger)  and  the 
Gorilla  \T.  gorilla),  with  some  less  perfectly  known  forms.  The  Chim¬ 
panzee  is  a  native  of  Western  Africa,  extending  its  range  eastwards  to 
Abyssinia.  It  has  the  arms  much  shorter,  proportionately,  than  in  the 
Gibbons  and  Orangs  ;  still  they  are  much  longer  than  the  hind-limbs,  and 
they  reach  beneath  the  knee  when  the  animal  stands  erect.  The  ears  in 
the  Chimpanzee  are  large,  and  the  body  is  covered  with  dark-brown  hair. 
The  animal  can  stand  erect,  but  the  natural  mode  of  progression  is  on  all- 
fours.  The  hands  are  naked  to  the  wrist,  and  the  face  is  also  naked,  and 
is  much  wrinkled.  The  Chimpanzee  lives  in  society  in  wooded  districts, 
constructs  a  kind  of  nest,  and  can  effectually  defend  itself  against  even  the 
largest  of  its  foes. 
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The  Gorilla  (  Troglodytes  gorilla )  is  much  larger  than  the  Chimpanzee,  a 
full-grown  male  being  over  five  feet  and  a  half  in  height.  The  muzzle  is 
prominent ;  the  supraciliary  ridges  and  sagittal  crest  of  the  skull  are  enor- 


Fig.  555. — A,  Skull  of  the  Orang-utan.  B,  Skull  of  an  adult  European. 


mously  developed  in  the  old  animal  (fig.  554) ;  and  the  canines  are  of 
great  size.  The  fore-limbs  are  long,  and  extend  about  to  the  knees  when 
the  animal  stands  erect.  The  palms  and  soles  of  the  feet  are  naked  and 
hairless,  black  in  colour,  the  fingers  rendered  in  appearance  shorter  than 
they  really  are  by  the  extension  forwards  of  the  integument  between  them. 
The  cranial  capacity  is  about  thirty-one  cubic  inches,  that  of  the  average 
European  being  about  ninety-three  cubic  inches,  and  that  of  the  average 
Australian  seventy-five  cubic  inches.  The  Gorilla  is  essentially  arboreal 
in  its  habits  ;  and  the  male  builds  a  sort  of  nest  in  a  tree,  in  which  the 
female  brings  forth  its  young.  The  Gorilla  is  an  inhabitant  of  equatorial 
Africa,  and  is  an  enormously  strong  and  ferocious  animal. 

Another  species  of  the  genus  Troglodytes  is  the  Bald-headed  Chimpanzee 
( T.  calvus),  which  is  likewise  found  in  Western  Africa,  and  another  has 
been  described  under  the  name  of  T.  Aubryi. 


Man. 

Man  (. Homo )  is  distinguished  from  the  other  Primates  by 
his  habitually  erect  posture  and  bipedal  progression.  The 
lower  limbs  are  exclusively  devoted  to  progression  and  to 
supporting  the  weight  ot  the  body,  the  foot  being  broad  and 
plantigrade,  with  a  well-developed  “  heel.”  The  hallux  is 
shorter  than  the  second  digit,  with  which  it  is  placed  in  a 
line,  and  it  is  not  opposable.  1  he  fore-limb  is  shortei  than 
the  hind-limb,  and  has  nothing  to  do  with  progression,  but 
subserves  prehension.  The  pollex  is  articulated  at  an  angle 
with  the  other  digits,  and  is  not  only  opposable,  but  is  capable 
of  adduction  and  abduction.  The  spine  has  a  double  curve. 
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The  skull  has  the  occipital  condyles  placed  within  its  middle 
fifth,  in  adaptation  to  the  vertical  position  of  the  spine. 

1  here  is  no  sagittal  crest,  and  the  supraciliary  ridges  are  little 
developed.  The  symphysis  of  the  mandible  has  a  well-marked 
“  mental  ”  protuberance.  The  sutures  between  the  prsemax- 
illae  and  maxillary  bones  are,  normally,  altogether  obliterated. 

The  dentition  consists  of  thirty-two  teeth,  which  form  a 
nearly  even  and  uninterrupted  series,  without  any  diastema  or 
interval.  The  canines  are  not  markedly  larger  than  the 
incisors.  The  dental  formula  is — 


The  capacity  of  the  brain-case  varies  from  about  fifty  to  over 
a  hundred  cubic  inches,  and  is  never  less  than  forty  cubic 
inches.  The  brain  averages  from  forty-five  to  sixty  ounces  in 
weight,  the  cerebral  lobes  being  proportionately  larger,  and  its 
surface  being  more  abundantly  and  deeply  convoluted  than  is 
the  case  with  any  other  Mammal. 

rIhe  development  of  hair  is,  lastly,  but  partial,  and  Man  is 
the  only  terrestrial  Mammal  in  which  the  body  is  not  provided, 
at  any  rate  on  the  dorsal  surface,  with  a  covering  of  hair. 

By  Cuvier,  Owen,  and  many  other  naturalists,  Man  has 
been  regarded  as  constituting  by  himself  a  distinct  order  of 
Mammals,  to  which  the  name  of  Bimcina  has  been  given. 
At  the  present  day,  on  the  other  hand,  it  is  usual  to  regard 
Man,  from  a  purely  zoological  point  of  view,  as  constituting  a 
special  section  ( Anthropidce )  of  the  order  Primates. 

A\  ith  regard  to  the  distribution  of  Man  in  time ,  our  know¬ 
ledge  is  at  present  doubtless  very  defective.  So  far  as  is  cer¬ 
tainly  known,  no  remains  of  Man,  in  the  form  of  bones  or  of 
implements,  have  as  yet  been  detected  in  deposits  of  greater 
age  than  the  Pleistocene  period.  It  is,  however,  certain  that 
Man  existed  in  Western  Europe  in  the  later  half  of  the  Pleisto¬ 
cene  (Post-pliocene)  period,  along  with  a  large  number  of 
Mammals  which  are  now  extinct. 
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sources  of  information  as  to  recent  and  fossil  Mammalia ] 

1.  “  Osteology  of  the  Mammalia.  ”  Flower.  2d  ed.  1876. 

2.  “  Characters,  Principles  of  Division,  and  Primary  Groups  of  the  Class 

Mammalia.”  Owen.  1  Proc.  Linn.  Soc.’  1858. 

3.  “  Saiigethiere.”  Giebel.  ‘  Bronn’s  Klassen  und  Ordnungen  des  Thier- 

reichs.  ’  1874  (in  course  of  publication). 

4.  “  Die  Saiigethiere  in  zoologischer,  anatomischer,  und  palceontologischer 

Beziehung  umfassend  dargestellt.”  Giebel.  1855. 

5.  “  Recherches  pour  servir  a  l’histoire  naturelle  des  Mammiferes.”  H. 

&  A.  Milne-Ed wards.  1868. 

6.  “  Recherches  sur  les  ossemens  fossiles.”  Cuvier.  4th  ed.  1 S35-37. 

7.  “  Naturgeschichte  der  Saiigethiere  Deutschlands.”  Blasius.  1857. 

8.  “  Allgemeine  Naturgeschichte.  ”  Oken.  1S38. 

9.  “Lectures  on  the  Comparative  Anatomy  of  the  Placenta.”  Turner. 

1S76. 

10.  “  Natural  History  of  Mammalia.”  Waterhouse.  1S45-4S. 

11.  “Odontography.”  Owen.  1S40-45. 

12.  “  History  of  British  Quadrupeds,  including  Cetacea.  ”  Bell.  1S37. 

13.  “  History  of  Quadrupeds.”  Bewick.  8th  ed.  1824. 

14.  “Histoire  naturelle  des  Mammiferes.”  Etienne  Geoffroy  Saint- 

Hilaire,  and  Fred.  Cuvier.  1819-35. 

15.  “  Comparative  Anatomy  of  the  Domesticated  Animals.”  Chauveau. 

Trans,  by  Fleming.  1873. 

16.  “  Handbuch  der  vergleichenden  Anatomie  der  Haus  -  Saiigethiere.  ” 

Gurlt.  i860. 

17.  “Naturgeschichte  der  Saiigethiere.”  Schreber.  (Continued  by 

Wagner.)  i775  lS55- 

iS.  “Classification  of  the  Mammalia.”  Gill.  ‘Proc.  Amer.  Assoc, 
for  the  Advancement  of  Science.’  1870. 

19.  “On  the  Characteristics  of  the  Primary  Groups  of  the  Class  of  Mam¬ 

mals.”  Gill.  Ibid.  1871. 

20.  “  Geographical  Distribution  of  Animals.”  Wallace.  1S76. 

21.  “  Geographical  Distribution  of  Mammals. ”  Andrew  Murray.  1866. 

22.  “  Geographische  Verbreitung  der  Thiere.  ”  Schmarda.  1853. 

23.  “  Zoologie  et  Paleontologie  francaises,  ou  non velles  recherches  sur  les 

animaux  vertebres.”  Gervais.  2d  ed.  1 S59. 

24.  “  Histoire  naturelle  des  Mammiferes.  Gervais.  1854. 

25.  “Variation  of  Animals  and  Plants  under  Domestication.”  Darwin. 

1S68. 

26.  “  Mammals  of  North  America.”  Baird.  1S59. 

27.  “  Mammals  of  India. ”  Jerdon.  1867. 

28.  “  Mammals  of  Australia. ”  Gould.  1845-60. 

29.  “Fauna  boreali- Americana.”  Sir  John  Richardson.  Mammalia  by 

Harlan.  1825. 

30.  Article  “  Monotremata.”  Owen.  ‘  Todd’s  Cyclopsedia  of  Anat.  and 

l’liys.’  1841. 

31.  “Mammary  glands  of  Ornithorhynchus. ”  Owen.  ‘Phil.  Trans.’ 
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32.  “Young  of  Ornithorhynchus  paradoxus.”  Owen.  ‘Trans.  Zool. 

Soc.’  1S34. 

33.  “  Memoire  sur  le  genre  Ornithorhynche.”  Van  der  Lloeven.  ‘Nova 

Acta  Acad.  Leopold.’  1823  and  1S25. 

34.  “Natural  History  and  Habits  of  the  Ornithorhynchus  paradoxus.” 

E.  T.  Bennet.  ‘Trans.  Zool.  Soc.’  1835. 

35.  “  Ornithorhynchi  paradoxi  descriptio  anatomica.  ”  Meckel.  1826. 

36.  Article  “  Marsupialia.”  Owen.  ‘Todd’s  Cyclopaedia  of  Anat.  and 

Phys.  ’  1841. 

37.  “Structure  of  the  Brain  in  Marsupial  Animals.”  Owen.  ‘Phil. 

Trans.’  1837. 

38.  “Classification  of  the  Marsupialia.”  Owen.  ‘Trans.  Zool.  Soc.’ 

iS39- 

39.  “  Generation  of  Marsupial  Animals.”  Owen.  ‘  Phil.  Trans.’  1834. 

40.  “  Osteology  of  Marsupialia.”  Owen.  ‘Trans.  Zool.  Soc.’  1841  and 

1S45. 

41.  “  Fossil  Mammalia  of  Australia.  ”  Ow'en.  ‘  Phil.  Trans.’  1858  and 

1 865.  (  Tliylacoleo. ) 

42.  “  Fossil  Mammalia  of  Australia.  ”  Owen.  1877. 

43.  “Fossil  Mammalia  of  the  Mesozoic  Formations.”  Owen.  ‘  Palte- 

ontographical  Society.’  1871. 

44.  “Marsupialia.”  Waterhouse.  ‘Jardine’s  Naturalists’  Library.’ 

1S41. 

45.  “  Monograph  of  the  Macropodidse.”  Gould.  1841-44. 

46.  “  Untersuchungen  iiber  die  Edentaten.”  Rapp.  1S52. 

47.  “  Anatomische  Untersuchung  des  Orycteropus  capensis.”  H.  F. 

Jager.  1S37. 

48.  “  Memoir  on  the  Megatherium.  ”  Owen.  1S60. 

49.  “  Skeleton  of  the  Mylodon.”  Owen.  1S42. 

50.  “Memoir  on  the  Extinct  Sloth  Tribe  of  North  America.”  Leidy. 

i853- 

51.  “  Classification  of  Edentata.”  Turner.  ‘  Proc.  Zool.  Soc.’  1851. 

52.  “Osteology  of  Edentata.”  Turner.  ‘Annals  and  Magazine  Nat. 

Hist.’  1S53. 

53.  “  Form  and  Structure  of  the  Manatee.”  Murie.  ‘Trans.  Zool.  Soc.’ 

1872. 

54.  “  Ausfiihrliche  Beschreibung  von  sonderbaren  Meerthieren.”  Steller. 

1753- 

55.  “Untersuchungen  uber  die  ehemalige  Verbreitung  und  die  ganzliche 

Vertilgung  der  von  Steller  beobachteten  Nordischen  Seekuh.”  Von 
Baer.  ‘Mem.  de  l’Acad.  Imp.  des  Sci.  de  St  Petersbourg. ’  1838. 

56.  “  Anatomy  of  the  Dugong.”  Owen.  ‘  Proc.  Zool.  Soc.’  1838. 

57.  Article  “Cetacea.”  F.  Cuvier.  ‘Todd’s  Cyclopaedia  of  Anat.  and 

Phys.’  1S35.  Also  “  Hist.  Nat.  des  Cetaces.”  1836. 

58.  “  Die  Cetaceen  zoologisch-anatomisch  dargestellt.”  Rapp.  1 S37. 

59-  “Cetaces  du  littoral  de  la  Belgique.”  Van  Beneden.  1861. 

60.  “Synopsis  of  the  Species  of  Whales  and  Dolphins  in  the  British 

Museum.”  J.  E.  Gray.  1868. 

61.  “  Untersuchungen  fiber  die  nordischen  Walthiere.”  Eschricht.  1S49. 

62.  “  Osteology  of  Inia  and  Pontoporia.”  Flower.  ‘Trans.  Zool.  Soc. 

1867. 

63.  “Monograph  of  the  Crag  Cetacea.”  (Ziphioid  Whales.)  Owen. 

‘  Palaeontographical  Society.’  1870. 

64.  “Notes  on  the  Skeleton  of  Whales.”  ‘Proc.  Zool.  Soc.’  Flower. 

1864. 

65.  “  Die  Skelete  der  Wiederkaiier.”  Pander  and  d’AIton.  1823. 
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“  Versuch  einer  natiirlichen  Geschichte  des  Rindes  in  seinen  Bezie- 
hungen  zu  den  Wiederkaiiern  im  Allgemeinen.”  Riitimeyer.  1866. 
“  Die  Racen  des  Schweines.”  Nathusius.  1S60. 

“Naturgeschichte  des  Pferdes.  ”  d’Alton.  1810-16. 

“  Dinocerata,  an  Extinct  Order  of  Gigantic  Mammals.”  Marsh.  1884. 
“Short-footed  Ungulata  of  the  Eocene  of  Wyoming.  ”  Cope.  1  Proc. 
Amer.  Philosoph.  Soc.’  1873. 

“Structure  and  Affinities  of  the  Brontotheridoe.”  Marsh.  ‘Amer. 
Journ.  Sci.  and  Arts.’  1874. 

“  Principal  Characters  of  the  Brontotheridae.”  Marsh.  ‘  Amer. 
Journ.  Sci.  and  Arts.’  1S76. 

“Principal  Characters  of  the  Dinocerata.”  Marsh.  ‘Amer.  Journ. 
Sci.  and  Arts.’  1876. 

“Principal  Characters  of  the  Tillodontia.”  Marsh.  ‘Amer.  Journ. 
Sci.  and  Arts.’  1876. 

Article  “Carnivora.”  Bell.  ‘Todd’s  Cyclopaedia  of  Anat.  and 
Phys.’  1835. 

“  Anatomie  Descriptive  du  Chat.”  Strauss-Durckheim. 

“The  Cat.”  St  George  Mivart.  1881. 

“On  the  Value  of  the  Characters  of  the  Base  of  the  Cranium  in  the 
Classification  of  the  Order  Carnivora.”  ‘  Proc.  Zool.  Soc.’  Flower. 
1S69. 

“Monograph  of  the  North  American  Pinnipeds.”  Allen.  18S0. 
“Fur-bearing  Animals.  A  Monograph  of  the  North  American  Mus- 
telidae.”  Cones.  1S77. 

Article  “  Rodentia.”  Rymer  Jones.  ‘  Todd’s  Cyclopaedia  of  Anat. 
and  Phys.’  1S47. 

“On  the  Chinchillidae.”  E.  T.  Bennett.  ‘Trans.  Zool.  Soc.’  1833. 
“  Systematisk  Ofversigt  af  de  Gnagande  Daggdjuren,  Glires.”  Lillje- 
borg.  1866. 

“On  the  Classification  of  the  Order  Glires.”  ‘Proc.  Zool.  Soc.’ 
Alston.  1S66. 

“  Monographs  of  the  North  American  Rodentia.”  Cones  and  Allen. 
1877.^ 

Article  “Cheiroptera.”  Bell.  ‘Todd’s  Cyclopaedia  of  Anat.  and 
Phys.’  1835. 

“  Monograph  of  the  Asiatic  Cheiroptera.”  Dobson.  1S76. 

“  Classification  of  Insectivora.”  Mivart.  ‘Proc.  Zool.  Soc.’  1S71. 
Article  “Insectivora.”  Bell.  ‘Todd’s  Cyclopaedia  of  Anat.  and 
Phys.  ’  1 836. 

“De  Solenodonte.”  Brandt.  ‘Mem.  de  l’Acad.  Imp.  des  Sci.  de 
St  Petersbourg.  ’  1838. 

“Synopsis  of  Insectivorous  Mammalia.”  ‘Bull.  U.S.  Geol.  Survey.’ 
Gill.  1S75. 

Article  “  Quadrumana.  ”  Vrolik.  ‘  Todd’s  Cyclopaedia  of  Anat.  and 
Phys.’  ^1 S47. 

Article  “Apes.”  Mivart.  ‘Encyclopaedia  Britannica.’  9th  ed. 


1875. 

“  Appendicular 


Skeleton 


of 


Primates.”  Mivart. 


‘  Phil.  Trans.’ 


1867. 

“On  the  Zoological  Rank  of  the  Lemuroidea.”  Mivart.  ‘Proc. 
Zool.  Soc.’  1873. 

“  Evidence  as  to  Man’s  Place  in  Nature.”  Huxley.  1874. 

“  The  Human  Skeleton.”  Humphry.  1858. 

“  Monograph  on  the  Aye-aye.”  Owen.  1868. 

“  Recherches  sur  le  Chimpanse.”  Vrolik.  1841. 
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100.  “  Natural  History  of  Man.”  Pritchard.  1843. 

101.  “Researches  into  the  Physical  History  of  Mankind.”  Pritchard. 

3d.  ed.  1844. 

102.  “  De  generis  humani  varietate  nativa.”  Blumenbach.  3d.  ed.  1795. 

103.  “  Types  of  Mankind.”  Nott  and  Gliddon.  1854. 

104.  “  Descent  of  Man.  ”  Darwin.  1871. 

105.  “  Fauna  der  Vorwelt.”  Giebel.  1847. 

106.  “Fauna  Antiqua  Sivalensis.”  Falconer  and  Sir  Proby  Cautley. 

1 846-49. 

107.  “  British  Fossil  Mammals  and  Birds.”  Owen.  1846. 

10S.  “Catalogue  of  the  fossil  Organic  remains  of  Mammalia  and  Aves  in 
the  Museum  of  the  Royal  College  of  Surgeons  of  England.”  Owen. 
1845. 

109.  “  Extinct  Mammalia  from  Nebraska  Territory.  ”  Leidy.  1852. 
no.  “  Animaux  fossiles  et  Geologie  de  l’Attique.”  Gaudry.  1864-68. 

111.  “Monograph  of  the  British  Fossil  Pleistocene  Mammalia.”  Daw¬ 

kins  and  Sandford.  ‘  Palteontographical  Society.’  1866-71. 

1 12.  “  Les  Enchainements  du  Monde  Animal.”  Vol.  I.  Gaudry.  1878. 

1 13.  “Tertiary  Vertebrata.”  ‘Rep.  of  the  U.S.  Geol.  Survey  of  the 

Territories.’  Cope.  1884. 

1 14.  “  Catalogue  of  the  Fossil  Mammalia  in  the  Collections  of  the  British 

Museum.”  Lydekker.  (In  course  of  publication.) 


GLOSSARY. 


Abactinal  (Lat.  ah,  away  from ;  Gr.  aktin  or  aktis,  a  ray).  Applied  to  the 
side  of  an  Echinoderm  opposite  to  that  on  which  the  mouth  is  situated. 

Abdomen  (Lat.  abdo,  I  conceal ;  or  contracted  from  adipomen,  derived  from 
cideps,  fat).  The  hinder  portion  of  the  body-cavity  of  the  higher  animals, 
containing  the  principal  digestive  and  excretory  organs. 

Aberrant  ( Lat.  aberro ,  I  wander  away).  Departing  from  the  regular  type. 

Abiogenesis  (Gr.  a,  without  ;  bios,  life ;  genesis,  origin).  Spontaneous  gene¬ 
ration,  or  the  production  of  living  beings  without  pre-existent  life. 

Abnormal  (Lat.  ah,  from;  norma,  a  rule).  Irregular;  deviating  from  the 
ordinary  standard. 

Abomasum.  The  fourth  cavity  of  the  complex  stomach  of  the  Ruminants. 

Aboral  (Lat.  ah,  away  from  ;  os,  mouth).  Applied  to  the  side  of  the  body 
opposite  to  that  on  which  the  mouth  is  situated. 

Abranchiate  (Gr.  a,  without ;  bragchia,  gills).  Destitute  of  gills  or  bran¬ 
chiae. 

AcalepHjE  (Gr.  akalephe,  a  nettle).  Applied  formerly  to  the  Jelly-fishes  or 
Sea-nettles,  and  other  Radiate  animals,  in  consequence  of  their  power  of 
stinging,  derived  from  the  presence  of  microscopic  cells,  called  “thread- 
cells,”  in  the  integument. 

Ac anthocephala  (Gr.  akantha,  a  thorn ;  kephale ,  head).  An  order  of 
Scolecids,  in  which  the  head  is  armed  with  spines. 

Acanthometrina  (Gr.  akuntha  ;  and  metra,  the  womb).  A  family  of  Radi- 
olaria,  characterised  by  having  radiating  siliceous  spines. 

Acanthopterygii  (Gr.  akantha,  spine  ;  pterux,  wing).  A  group  of  Bony 
fishes  with  spinous  rays  in  the  front  part  of  the  dorsal  fin. 

Acarina  (Gr.  akari,  a  mite).  A  division  of  the  Arachnida,  of  which  the 
Cheese-mite  is  the  type. 

Acephalous  (Gr.  a,  without;  kephale,  head).  Not  possessing  a  distinct 
head. 

Acetabula  (Lat.  acetabulum,  a  cup).  The  suckers  with  which  the  cephalic 
processes  of  many  Cephalopoda  (Cuttle-fishes)  are  provided. 

Acetabulum.  The  cup-shaped  socket  of  the  hip-joint  in  Vertebrata. 

Acontia  (Gr.  akontion,  a  javelin).  Long  filaments,  charged  with  thread-cells, 
attached  to  the  free  edges  of  the  mesenteries  of  Sea-anemones. 

Acraniata  (Gr.  a,  without;  kranion,  skull).  A  division  of  Vertebrates  dis¬ 
tinguished  by  the  absence  of  a  cranium,  and  comprising  only  the  Lancelet. 

Acraspedote  (Gr.  «,  without ;  kraspedon,  a  fringe).  Applied  to  Jelly-fishes 
(Discophora)  in  which  the  mouth  of  the  swimming-bell  is  not  restricted  by  a 
slielf-like  “  velum.” 

Accretion  (Lat.  accresco,  I  grow  larger).  The  process  by  which  inorganic 
bodies  (such  as  crystals)  grow  larger,  by  the  addition  of  fresh  particles  from 
the  outside. 
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Acrita  (Gr.  akritos,  confused).  A  term  sometimes  employed  as  synonymous 
with  Protozoa,  or  the  lowest  division  of  the  animal  kingdom. 

Acrodont  (Gr.  akros,  high  ;  odous,  tooth).  Having  the  teeth  anchylosed  with 
the  summit  of  the  alveolar  border  of  the  jaw. 

Actinal  (Gr.  aktin  or  aktis,  a  ray).  Applied  to  the  side  of  the  body  of  an 
Echinoderm  on  which  the  mouth  is  situated. 

Actinomeres  (Gr.  aktin,  a  ray ;  meros,  a  part).  The  lobes  which  are  mapped 
out  on  the  surface  of  the  body  of  the  Ctenophora,  by  the  ctenophores,  or 
comb-like  rows  of  cilia. 

Actinosoma  (Gr.  aktin  ;  and  soma,  body).  Employed  to  designate  the  entire 
body  of  any  Actinozoon,  whether  this  be  simple  (as  in  the  Sea-anemones), 
or  composed  of  several  zodids  (as  in  most  Corals). 

Actinotuocha  (Gr.  aktin  ;  troclios,  wheel).  A  peculiar  type  of  larva  seen  in 
some  Invertebrates  ( Phoronis ,  &e.)  in  which  there  is  a  ring  of  cilia  at  each 
end  of  the  body  and  a  circlet  of  tentacles. 

Actixozoa  (Gr.  aktin  ;  and  zoiin,  an  animal).  That  division  of  the  Ccelen- 
terata  of  which  the  Sea-anemones  may  be  taken  as  the  type. 

Aculeus  (Lat.  a  spine  or  sting).  The  “sting”  of  certain  of  the  Hymenoptera 
(Bees,  &c.) 

Adductor  (Lat.  adduco,  I  bring  together).  The  muscles  which  bring  to¬ 
gether  the  valves  of  the  shell  of  the  Bivalve  Molluscs  are  known  as  the 
“  adductors.” 

Adelarthrosomata  (Gr.  adelos,  hidden ;  arthros,  joint ;  soma,  body).  An 
order  of  the  A  rachnida. 

^Estivation  (Lat.  astivus,  relating  to  summer).  The  summer  torpor  exhibited 
by  some  animals  during  the  hot  season  in  warm  countries. 

Agamic  (Gr.  a,  without  ;  garrws,  marriage).  Applied  to  all  forms  of  repro¬ 
duction  in  which  the  sexes  are  not  directly  concerned. 

Agamogenesis.  Any  form  of  non-sexual  reproduction. 

Allantoidea.  The  group  of  Vertebrata  in  which  the  foetus  is  furnished  with 
an  allantois,  comprising  the  Reptiles,  Birds,  and  Mammals. 

Allantois  (Gr.  atlas,  a  sausage).  One  of  the  “  membranes  ”  of  the  foetus  in 
certain  Vertebrates. 

Alternation  of  Generations.  The  existence  of  a  species  in  two  different 
conditions,  the  one  condition  sexless,  the  other  provided  with  reproductive 
organs,  and  each  in  turn  producing  the  other. 

Alveoli  (Lat.  dim.  of  alms,  belly).  Applied  to  the  sockets  of  the  teeth. 

Ambulacra  ( Lat.  ambulacrum,  a  place  for  walking).  The  perforated  spaces 
or  “  avenues”  through  which  are  protruded  the  tube-feet,  by  means  of  which 
locomotion  is  effected  in  the  Echinoderrmata. 

Ambulatory  (Lat.  ambulo ,  I  walk).  Formed  for  walking.  Applied  to  a 
single  limb  or  to  an  entire  animal. 

Ametabolic  (Gr.  a,  without ;  metabole,  change).  Applied  to  those  insects 
which  do  not  possess  wings  when  perfect,  and  which  do  not,  therefore,  pass 
through  any  marked  metamorphosis. 

Amnion  (Gr.  amnos,  a  lamb).  One  of  the  fatal  membranes  of  the  higher 
Vertebrates. 

Amniota.  The  group  of  Vertebrata  in  which  the  foetus  is  furnished  with  an 
amnion,  comprising  the  Reptiles,  Birds,  and  Mammals. 

A  mcf.ba  (Gr.  amoibos,  changing).  A  species  of  Rhizopod,  so  called  from  the 
numerous  changes  of  form  which  it  undergoes. 

Amcebikorm.  Resembling  an  Amoba  in  form. 

Amorphous  (Gr.  a,  without ;  morphe,  shape).  Not  having  any  definite  figure. 

Amorphozoa  (Gr.  a,  without;  morphe,  shape;  zoiin,  animal).  A  name  some¬ 
times  used  to  designate  the  Sponges. 

Amphibia  (Gr.  amphi,  both  ;  bios,  life).  A  class  of  the  Vertebrata  comprising 
Frogs,  Newts,  and  the  like,  which  have  always  gills  when  young,  but  always 
develop  lungs  when  fully  grown.  Most  of  them,  therefore,  live  indifferently 
on  land  or  in  water. 

Amphicielous  (Gr.  amphi,  at  both  ends  ;  koilos,  hollow).  Applied  to  verte¬ 
bra-  which  are  concave  at  both  ends. 
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Amphidiscs  (Gr.  amphi,  at  both  ends  ;  diskos,  a  quoit  or  round  plate).  The 
spicula  which  surround  the  gemnmles  of  Sponrjilla,  and  resemble  two 
toothed  wheels  united  by  an  axle. 

Amphioxus  (Gr.  amphi,  at  both  ends  ;  oxws,  sharp).  The  Lancelet,  a  little 
fish,  which  alone  constitutes  the  order  Pharyngobranchii. 

Amphlpneusta  (Gr.  amphi,  both  ;  pneo,  I  breathe).  Applied  to  the  “perenni- 
branchiate  ”  Amphibians,  which  retain  their  gills  through  life. 

Amphipoda  (Gr.  amphi ;  and pous,  a  foot).  An  order  of  Crustacea. 

AmpulLjE  (Lat.  ampulla,  a  Hash).  In  the  Echinoderms  the  ampullae  are  the 
little  reservoirs  attached  to  the  bases  of  the  tube-feet,  and  serving  to  fill 
these  with  fluid. 

Anal  (Lat.  anus,  the  vent).  Connected  with  the  anus,  or  situated  near  the 
anus. 

Anallantoidea.  The  group  of  T  ertebrata  in  which  the  embryo  is  not  fur¬ 
nished  with  an  allantois. 

Analogous.  Applied  to  parts  which  perform  the  same  function. 

Anamniota.  The  group  of  Vertebrata  in  which  the  embryo  is  destitute  of  an 
amnion. 

Anarthiiopoda  (Gr.  a,  without ;  arthros,  a  joint ;  pous,  foot).  That  division 
of  Annulose  animals  in  which  there  are  no  articulated  appendages. 

Anchylosis  or  Ankylosis  (Gr.  ankulos,  crooked).  The  union  of  two  bones 
by  osseous  matter,  so  that  they  become  one  bone,  or  are  immovably  joined 
together. 

Androgynous  (Gr.  aner,  a  man;  gune,  a  woman).  Synonymous  with  her¬ 
maphrodite,  and  implying  that  the  two  sexes  are  united  in  the  same  indi¬ 
vidual. 

Androphores  (Gr.  aner,  a  man  ;  pliero,  I  carry).  Applied  to  medusiform 
gonophores  of  the  Hydrozoa,  which  carry  the  spermatozoa,  and  differ  in  form 
from  those  in  which  the  ova  are  developed. 

Annelida  (a  Gallicised  form  of  Annulatu).  The  Ringed  Worms,  which  form 
one  of  the  divisions  of  the  Anarthropoda. 

Annulated.  Composed  of  a  succession  of  rings. 

Annulosa  (Lat.  annulus,  a  ring).  The  sub-kingdom  comprising  the  Scolecids, 
the  Worms,  and  the  Articulate  animals. 

Anomodontia  (Gr.  anomos,  irregular  ;  odous,  tooth).  An  extinct  order  of 
Reptiles,  often  called  Dicynodontia. 

Anomura  (Gr.  anomos,  irregular  ;  oura,  tail).  A  tribe  of  Decapod  Crustacea, 
of  which  the  Hermit-crab  is  the  type. 

Anoplura  (Gr.  anoplos,  unarmed  ;  oura,  tail).  An  order  of  Apterous  Insects. 

Anoura  or  Anura  (Gr.  a,  without  ;  oura,  tail).  The  order  of  Amphibia  com¬ 
prising  the  Frogs  ami  Toads,  in  which  the  adult  is  destitute  of  a  tail.  Often 
called  Batrachia. 

Antennas  (Lat.  antenna,  a  yard-arm).  The  jointed  horns  or  feelers  possessed 
by  the  majority  of  the  Articulata. 

Antennulks  (dim.  oi  antenna).  Applied  to  the  smaller  pair  of  antenme  in 
the  Crustacea. 

Anthropoid  (Gr.  anthropos,  man  ;  eidos,  form).  Resembling  man. 

Anthropomorphous  (Gr.  anthropos ,  man  ;  morphe,  shape).  Resembling  man 
in  form. 

Antibrachium  (Gr.  anti,  in  front,  oi  ;  brachion,  the  arm).  The  fore-arm  of 
the  higher  Vertebrates,  composed  of  the  radius  and  ulna. 

Antlers.  Properly  the  branches  of  the  horns  of  the  Deer  tribe.  ( Ceroida ■),  hut 
generally  applied  to  the  entire  horns. 

Antlia  (Lat.  antlia,  a  pump).  The  spiral  trunk  or  proboscis  with  which  But¬ 
terflies  and  other  Lepidopterous  Insects  suck  up  the  juices  of  flowers. 

Aphanjptera  (Gr.  uphanos,  inconspicuous  ;  pteron,  a  wing).  An  order  of 
Insects  comprising  the  Fleas. 

Aplacentalia.  The  section  of  the  Mammalia,  comprising  the  two  divisions 
of  the  / tidelphia  and  Monodelphia,  in  which  the  young  is  not  furnished 
with  a  placenta. 

Apoda  (Gr.  a,  without;  podes,  feet).  Applied  to  those  lislies  which  have  no 
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ventral  fins.  Also  to  the  footless  Ciecilicv  amongst  the  Amphibia.  Also  to 
those  Holothuvians  which  have  no  tube-feet. 

Apodal.  Devoid  of  feet. 

Apodemata  (Gr.  apodaio,  I  portion  off).  Applied  to  chitinous  septa  which 
divide  the  tissues  in  Crustacea,  and  to  which  muscles  are  attached. 

Aproctous  (Gr.  a,  without ;  prdktos,  the  anus).  Not  having  an  anal 
opening. 

Aptera  (Gr.  a,  without ;  pteron,  a  wing).  A  division  of  Insects,  which  is 
characterised  by  the  absence  of  wings  in  the  adult  condition. 

Apterous.  Devoid  of  wings. 

Apteryx  (Gr.  a,  without  ;  pterux,  wing).  A  genus  of  Ratite  Birds. 

Aquiferous  (Lat.  aqua,  water  ;  fero,  I  carry).  Water-bearing:  applied  to  all 
vessels  or  canals  by  which  water  is  distributed  through  an  organism. 

Arachnida  (Gr.  arachne,  a  spider).  A  class  of  the  Articulata,  comprising 
Spiders,  Scorpions,  and  allied  animals. 

An  an  ki  D  a  ( Lat.  aranea ,  a  spider).  The  order  of  Arachnida,  comprising  the 
true  Spiders. 

Arborescent.  Branched  like  a  tree. 

Archaeopteryx  (Gr.  archaios,  ancient ;  pterux,  wing).  The  singular  fossil 
bird  which  alone  constitutes  the  order  of  the  Saururce. 

Archencephala  (Gr.  archo,  I  overrule ;  egkephalos,  brain).  The  name  ap¬ 
plied  by  Owen  to  his  fourth  and  highest  group  of  Mammalia,  comprising 
Man  alone. 

Arenaceous.  Sandy,  or  composed  of  grains  of  sand. 

Arthropoda  (Gr.  arthros,  joint;  podes,  feet).  The  division  of  Annulosa, 
comprising  the  Crustaceans,  Myriopods,  Arachnids,  and  Insects,  in  all  of 
which  jointed  or  articulated  limbs  are  normally  present. 

Articulata  (Lat.  articulus,  a  joint).  The  Arthropoda  are  often  spoken  of  as 
Articulata  or  “Articulate  animals.” 

Artiodactyla  (Gr.  artios,  even  ;  daktulos,'  a  finger  or  toe).  A  division  of  the 
hoofed  quadrupeds  ( U ngulata)  in  which  each  foot  has  an  even  number  of 
toes  (two  or  four). 

Ascidioida  (Gr.  askos,  a  wine-skin  or  bottle  ;  eidos.  form).  A  name  some¬ 
times  given  to  the  Tunicates,  the  simple  forms  of  which  have  the  shape  of  a 
two-necked  bottle. 

Asexual.  Applied  to  modes  of  reproduction  in  which  the  sexes  are  not 
concerned. 

Asiphonate.  Not  possessing  a  respiratory  tube  or  siphon.  Applied  to  a 
division  of  the  Lamet l i branchiate  Molluscs. 

Asteroid  (Gr.  aster,  a  star;  and  eidos,  form).  Star-shaped,  or  possessing  radi¬ 
ating  lobes  or  rays  like  a  Star-fish. 

Asteroidea.  An  order  of  Echinodermata,  comprising  the  Star-fishes,  char¬ 
acterised  by  their  rayed  form. 

Astomatous  (Gr.  a,  without ;  stoma,  mouth).  Not  possessing  a  mouth. 

Atlas  (Gr.  the  god  who  holds  up  the  earth).  The  first  vertebra  of  the  neck, 
which  articulates  with  and  supports  the  skull. 

Atrium  (Lat.  a  hall).  Applied  to  the  great  chamber  or  “cloaca,”  into  which 
the  intestine  opens  in  the  Tunicata.  Also  applied  to  the  auricular  division 
of  the  heart. 

Aurelia  (Lat.  aurum,  gold).  Applied  to  the  chrysalides  of  some Lepid.optera, 
on  account  of  their  exhibiting  a  golden  lustre. 

Auricle  (Lat.  dim.  of  auris,  ear).  Applied  to  one  of  the  cavities  of  the  heart, 
by  which  blood  is  driven  into  the  ventricle. 

Auricularia.  The  barrel-shaped  larva  of  the  Holothurians,  in  which  the 
body  is  furnished  with  transverse  belts  of  cilia. 

Autophaoi  (Gr.  autos,  self;  phago,  I  eat).  Applied  to  birds  whose  young 
can  run  about  and  obtain  food  for  themselves  as  soon  as  they  escape  from 
the  egg. 

Aves  (Lat.  avis,  a  bird).  The  class  of  the  Birds. 

Avicularium  (Lat.  avicula,  dim.  of  avis,  a  bird).  A  modified  zodid,  often 
shaped  like  the  head  of  a  bird,  found  in  many  of  the  Polyzoa. 
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Axis  (Gr.  axon,  a  pivot).  Tlie  second  vertebra  of  the  neck,  upon  which  the 
skull  and  atlas  usually  rotate. 

Azygous  (Gr.  a,  without ;  zugon,  yoke).  Single  ;  without  a  fellow. 

Bacterium  (Gr.  baktenon,  a  staff).  A  microscopic  organism  occurring  in  fluids 
containing  organic  matter,  and  having  a  staff-shaped  form. 

Balancers.  The  knobbed  filaments  which  represent  the  hinder  pair  of  wings 
in  Dipterous  insects. 

Balanid2E  (Gr.  balanos,  an  acorn).  A  family  of  sessile  Cirripedes,  commonly 
called  “  Acorn  shells.”  ' 

Baleen  (Lat.  balcena,  a  whale).  The  horny  plates  which  occupy  the  palate  of 
the  “  whalebone  ”  Whales. 

Batides  (Gr.  batos,  a  bramble).  The  family  of  the  Elasmobranchii  comprising 
the  Rays.  1  ° 

Batrachia  (Gr.  batraclios ,  a  frog).  Often  loosely  applied  to  any  of  the  Am¬ 
phibia,  but  sometimes  restricted  to  the  Amphibians  as  a  class,  or  to  the 
siugie  order  of  the  Anoura. 

Belemnitidje  (Gr.  belemnon,  a  dart).  An  extinct  group  of  Dibranchiate  Ceplia- 
lopods,  comprising  the  Belemnites  and  their  allies. 

Bicavitary  (Lat.  bis,  twice  ;  cavils,  hollow).  Consisting  of,  or  possessing  two 
cavities. 

Bifid.  Cleft  into  two  parts  ;  forked. 

Bilateral.  Having  two  symmetrical  sides. 

Bimax  a  (Lat.  bis,  twice  ;  mantes,  hand).  Applied  as  an  ordinal  name  to 
Man,  in  contradistinction  to  the  other  Primates  (Quadrumana). 

Bipedal  (Lat.  bis,  twice  ;  pcs,  foot).  Walking  upon  two  legs. 

Bipinxaria  (Lat.  bis  twice  :  pinna,  a  feather).  A  form  of  larva  in  the  Star- 
ushes  which  lias  ciliated  side-lappets. 

Biramous  (Lat.  bis,  twice  ;  ramus,  a  branch).  Applied  to  a  limb  which  is 
divided  into  two  branches  (e.g.,  the  limbs  of  Cirripedes). 

Bivalve  ( Lat.  bis,  twice ;  valvce,  folding-doors).  Composed  of  two  plates  or 
valves  ;  applied  to  the  shell  of  the  Lamellibranchiata  and  Brachiopoda,  and 
to  the  carapace  of  certain  Crustacea. 

Blastema  (Gr.  blastema,  a  germ,  or  growing  thing).  A  mass  of  living  matter 
in  an  actively  growing  condition. 

Blastoderm  (Gr.  blastos,  a  bud  ;  derma,  skin).  The  region  in  the  segmented 
ovum  (“germinal  area”)  which  subsequently  becomes  converted  into  the 
embryo. 

Blastoidea  (Gr.  blastos,  a  bud  ;  and  eidos,  form).  An  extinct  order  of  Echi- 
nodermata,  often  called  Pentremites. 

Blastopore.  The  primitive  mouth-opening  formed  in  a  double-layered  em¬ 
bryo  (“  gastrula  ”)  by  the  invagination  of  the  wall. 

Blastosphere.  The  form  of  segmented  ovum  in  which  the  cells  arrange  them- 
selves  in  such  a  way  as  to  enclose  a  central  space  (“  segmentation-cavity  ”). 
Blastostyle  (Gr.  blastos,  a  bud  ;  and  stulos,  a  column).  Applied  by  Prof 
Allman  to  certain  columniform  zooids  in  the  Hydrozoa,  which  are  destined  to 
bear  generative  buds. 

Brachiolaria  (Gr.  brachion,  arm).  A  form  of  larva  in  the  Star-fishes  which 
is  furnished  with  long,  movable,  arm-like  processes. 

Brachiopoda  (Gr.  brachion,  arm  ;  podes,  feet).  A  class  of  Molluscoid  ani¬ 
mals  (“Lamp-shells,”  &c.),  in  which  the  mouth  is  furnished  with  two  spi¬ 
rally-coiled,  derated  processes  or  “arms." 

Brachium  (Gr.  brachion,  arm).  Applied  to  the  upper  arm  of  Vertebrates. 
Brachyura  (Gr.  brachus,  short ;  mm,  tail).  A  tribe  of  the  Decapod  Crusta¬ 
ceans,  with  short  tails  (i.e. ,  the  Crabs). 

Bracts.  ( See  Hydrophyllia. ) 

Bradypodid.t;  (Gr.  bnulus,  slow ;  podes,  feet).  The  family  of  Edentata  com¬ 
prising  the  Sloths. 

Branchia  (Gr.  bragchia,  the  gill  of  a  fish).  A  respiratory  organ  adapted  to 
breathe  air  dissolved  in  water. 

Branchiate.  Possessing  gills  or  branchiae. 

3  K 
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Branchifera  (Gr.  bragchia ,  gill ;  and  phero,  I  carry).  A  division  of  Gastro- 
podoics  Molluscs,  in  'which  the  respiration  is  aquatic,  and  the  respiratory 
organs  are  mostly  in  the  form  of  distinct  gills. 

Branchiogastropoda  ( =  Branchifera ). 

Branchiopoda  (Gr.  bragchia ;  and  pous,  foot).  A  legion  of  Crustacea,  in 
which  the  gills  are  supported  by  the  feet. 

Branchiostegal  (Gr.  bragchia,  gill ;  stego,  I  cover).  Applied  to  a  membrane 
and  rays  by  which  the  gills  are  protected  in  many  fishes. 

Brevilinguia  (Lat.  brevis,  short ;  lingua,  tongue).  A  division  of  the  Lacer- 
tilia. 

Biievipennatje  (Lat.  brevis,  short ;  penna,  a  wing).  A  group  of  the  Natato¬ 
rial  Birds. 

Bronchi  (Gr.  brogchos,  the  windpipe).  The  branches  of  the  windpipe 
(trachea),  by  which  the  air  is  conveyed  to  the  vesicles  of  the  lung. 

BRONTOTHERiDiE  (Gr.  Brontes,  the  name  of  a  giant ;  therinn,  beast).  An 
extinct  order  of  Tertiary  Mammals. 

Bruta  (Lat.  brut  us,  heavy,  stupid).  Often  used  to  designate  the  Mammalian 
order  of  the  Edentata. 

Bryozoa  (Gr.  bruon,  moss ;  zobn,  animal).  A  synonym  of  Polyzoa,  a  class  of 
the  Molluscoida. 

Buccal  (Lat.  bucca,  mouth  or  cheeks).  Connected  with  the  mouth. 

Bursiform  (Lat.  bursa,,  a  purse  ;  forma,  shape).  Shaped  like  a  purse ;  sub- 
splierical. 

Byssiferous.  Producing  a  byssus. 

Byssus  (Gr.  bussos,  flax).  A  term  applied  to  the  silky  filaments  by  which  the 
Pinna,  the  common  Mussel,  and  certain  other  Bivalve  Mollusca,  attach 
themselves  to  foreign  objects. 

Caducibranchiate  (Lat.  caducus,  falling  off  ;  Gr.  bragchia ,  gill).  Applied  to 
those  Amphibians  in  which  the  gills  fall  off  before  maturity  is  reached. 

Caducous.  Applied  to  parts  which  fall  off  or  are  shed  during  the  life  of  the 
animal. 

Cjecal  (Lat.  coccus,  blind).  Terminating  blindly  or  in  a  closed  extremity. 

C.f.cum  (Lat.  emeus).  A  tube  which  terminates  blindly. 

C.-espitose  (Lat.  ccespes,  a  turf).  Tufted. 

Cainozoic.  (See  Kainozoic.) 

Calcar  (Lat.  a  spur).  Applied  to  the  “spurs”  of  Rasorial  Birds;  and  also 
to  the  rudiments  of  the  hind-limbs  in  certain  snakes. 

Calcareous  (Lat.  calx,  lime).  Composed  of  carbonate  of  lime. 

Calice.  The  little  cup  in  which  the  gastric  sac  of  the  polype  of  a  coral- 
ligenous  Zoophyte  (Actmozoon)  is  contained. 

Calycophorid.k  (Gr.  kalux,  a  cup  ;  and  phero,  I  carry).  An  order  of  the 
Oceanic  Hydrozoa,  so  called  from  their  possessing  bell-shaped  swimming 
organs  (nectocalyc.es). 

Calyptoblastic  (Gr.  kaluptos,  covered;  and  blastos,  a  bud).  Applied  by 
Prof.  Allman  to  those  Hydrozoa  in  which  the  nutritive  or  generative  buds 
are  provided  with  an  external  protective  receptacle. 

Calyx  (Lat.  calyx,  a  cup).  Applied  to  the  cup-shaped  body  of  Vorticella 
(Protozoa),  or  of  a  Crinoid  (Echinodermata). 

Campanulakida  (Lat.  campanula,  a  bell),  A  group  of  Hydroid  Zoophytes. 

Canine  (Lat.  cauis,  a  dog).  The  eye-tooth  of  Mammals,  or  the  tooth  which 
is  placed  at  or  close  to  the  pramiaxillary  suture  in  the  upper  jaw,  and  the 

corresponding  tooth  in  the  lower  jaw.  _  , 

G'apitulum  (Lat.  dim.  of  caput,  head).  Applied  to  the  body  of  a  Barnacle 
(Lepadidce),  from  its  being  supported  upon  a  stalk  or  peduncle. 

Carapace.  A  protective  shield.  Applied  to  the  upper  shell  ot  t  rabs,  Lob¬ 
sters,  and  many  other  Crustacea  ;  also  to  the  case  with  which  certain  of  the 
In  fusoria  are  provided.  Also  the  upper  half  of  the  immovable  case  in  which 
the  body  of  a  Clielonian  is  protected.  _  _  .... 

Cakinat.e  (Lat.  carinct ,  a  keel).  The  division  ol  Birds  in  which  the  sternum 
is  furnished  with  a  median  ridge  or  keel. 
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C.vrki\  ora  (Lat.  caro,  flesh  ;  voro,  I  devour).  An  order  of  the  Mammalia. 

Carni\  orous  (Lat.  caro,  flesh  ;  voro,  I  devour).  Feeding  upon  flesh. 

Carnose  (Lat.  caro).  Fleshy. 

Carpophaga  (Gr.  karpos ,  fruit;  phago,  I  eat).  A  section  of  the  Marsu- 
pialia. 

Carpus  (Gr.  karpos,  the  wrist).  The  small  bones  which  intervene  between  the 
fore-arm  and  the  metacarpus. 

Catarhina  (Gr.  kata,  downwards  ;  rhines,  nostrils).  The  Old  World  Monkeys, 
so  called  from  the  form  of  the  nostrils. 

Caudal  (Lat.  cauda,  the  tail).  Belonging  to  the  tail. 

Ca\  icorxia  (Lat.  cavus,  hollow;  cornu ,  a  horn).  The  £  ‘  hollow-horned  ” 
Ruminants,  in  which  the  horn  consists  of  a  central  bony  “  horn-core  ”  sur¬ 
rounded  by  a  horny  sheath. 

Cell.  A  mass  of  protoplasm  surrounded  by  an  external  “wall,”  and  con¬ 
taining  a  “nucleus”  in  its  interior. 

Centrum  (Gr.  kentron,  the  point  round  which  a  circle  is  described  by  a  pair  of 
compasses).  The  central  portion  or  “  body  ”  of  a  vertebra. 

Cephalic  (Gr.  kephale,  head).  Belonging  to  the  head. 

Cephalobranchiate  (Gr.  kephale;  and  bragchia,  gill).  Carrying  gills  upon 
the  head.  Applied  to  a  section  of  the  A  nnelida,  which,  like  the  Serpulce, 
have  tufts  of  external  gills  placed  upon  the  head. 

Cephalophora  (Gr.  kephale  ;  and  pliero,  I  carry).  Used  synonymously  with 
Encephala ,  to  designate  those  Mollusca  which  possess  a  distinct  head. 

Cephalopoda  (Gr.  kephale ;  and  podes,  feet).  A  class  of  the  Mollusca,  com¬ 
prising  the  Cuttle-fishes  and  their  allies,  in  which  there  is  a  series  of  arms 
ranged  round  the  head. 

Cephalothorax  (Gr.  kephaU,  head  ;  thorax,  chest).  The  anterior  division  of 
the  body  in  many  Crustaceans,  and  in  the  Arachnida,  which  is  composed  of 
the  coalescent  segments  of  the  head  and  thorax. 

Cercariiform  (Lat.  cercaria,  a  tailed  animalcule  ;  and  forma,  shape).  Cer- 
caria  (Gr.  kerkos,  tail)  is  the  name  of  a  tadpole-shaped  animalcule  ;  and  the 
epithet  “cercariiform”  is  applied  to  all  organisms  of  a  similar  shape  (e.a., 
the  larval  Tunicates). 

Cere.  The  naked  space  found  at  the  base  of  the  bill  of  some  birds. 

Cervical  (Lat.  cervix,  neck).  Connected  with  the  region  of  the  neck. 

Cestoidea  (Gr.  keslos,  a  girdle).  A  name  for  the  Ta  niada,  a  class  of  intes¬ 
tinal  worms  with  flat  bodies  like  tape  (hence  the  name  Tape-worms). 

Cestraphori  (Gr.  kestra,  a  weapon  ;  phero,  1  carry).  The  group  of  Elcismo- 

t  oranchii  represented  at  the  present  day  by  the  Fort  Jackson  Shark. 

Cetacea  (Gr.  ketos,  a  whale).  The  order  of  Mammals  comprising  the  Whales 
and  Dolphins. 

C'h.etognatha  (fir.  chaite,  bristle  ;  gnatlios,  jaw).  An  order  of  the  Anarthro- 
poda,  comprising  only  the  oceanic  genus  Sagitta. 

Ch.ktophora  (Gr.  chaite  ;  phero,  I  carry)  or  Chactopoda.  Applied  as  a  com¬ 
mon  name  to  the  Tubicolous  and  Errant  Annelides,  both  of  which  have 
bristle-bearing  foot-tubercles,  together  with  the  Earth-worms  and  their  allies 
( OligocAaita ),  which  have  locomotive  bristles. 

Cheiroptera  (Gr.  cheir,  hand  ;  pteron,  a  wing).  The  order  of  Mammals  com¬ 
prising  the  Bats. 

Chela-;  (Gr.  cheli,  a  claw).  The  pincers  or  prehensile  claws  with  which  some 
of  the  limbs  are  terminated  in  certain  Arthropods  (Lobster,  Crab,  Scorpion, 
&c0 

Chelate.  Possessing  chelae  ;  applied  to  a  limb. 

Chelicera;  (Gr.  chele,  a  claw  ;  keras,  a  horn,  or  antenna).  Applied  generally 
to  the  first  pair  of  cephalic  appendages  of  the  Scorpion,  which  have  the  form 
of  chelae  and  are  supposed  to  represent  the  antennas  of  the  other  Arthropods. 
Sometimes  used  in  a  wide  sense  for  the  first  pair  of  cephalic  appendages  in 
the  Arachnida,  whatever  their  form  may  be. 

Chelonia  (Gr.  chelone,  a  tortoise).  The  order  of  Reptiles  comprising  the  Tor¬ 
toises  and  Turtles. 

Chevron-bones  (Fr.  chevron,  a  rafter).  V-shaped  bones  (haemal  arches), 
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placed  below  tlie  caudal  vertebra  and  protecting  tlie  backward  continuation 
of  tlie  aorta. 

Chevrotains  (Fr.  chevre,  a  goat).  The  little  Ruminants  which  form  the  group 
of  the  Tragulidce. 

Chilognatha  (Gr.  cheilos,  a  lip  ;  and  gnathos,  a  jaw).  An  order  of  the  My- 
riopnda. 

Chilopoda  (Gr.  cheilos  ;  and podcs,  feet).  An  order  of  the  Myriopoda. 

Chitine  (Gr.  chiton,  a  coat).  The  peculiar  substance,  nearly  allied  to  horn, 
which  forms  the  exoskeleton  in  many  Invertebrate  animals,  especially  in  the 
Arthrnpoda  (Crustacea,  Insecta,  &c.) 

Chlorophyll  (Gr.  chloros ,  green;  and  phullon,  a  leaf).  The  green  colouring 
matter  of  plants. 

Chordata  (Lat.  chorda,  a  string).  Applied  as  a  general  name  to  the  Verte¬ 
brates,  from  their  possession  of  a  notochord. 

Chromatophores  (Gr.  chroma,  complexion,  or  colour ;  and  phero,  I  carry). 
Little  sacs  which  contain  pigment-granules,  and  are  found  in  the  integument 
of  Cuttle-fishes  and  other  animals. 

Chrysalis  (Gr.  chrusos,  gold).  The  motionless  pupa  of  butterflies  and  moths, 
so  called  because  sometimes  exhibiting  a  golden  lustre. 

Chylaqueous  fluid.  A  fluid  consisting  partly  of  water  derived  from  the  ex¬ 
terior,  and  partly  of  the  products  of  digestion  (chyle),  occupying  the  body- 
cavity  or  perivisceral  space  in  many  Invertebrates  ( A  nnelids ,  Echinoderms, 
&c. ),  and  sometimes  having  a  special  canal-system  for  its  conduction  (chly- 
aqueous  canals). 

Chyle  (Gr.  chulos,  juice).  The  milky  fluid  which  is  the  result  of  the  action  of 
the  various  digestive  fluids  upon  the  food. 

Chylikic  (Gr.  chulos,  juice  [chyle] ;  and  Lat.  facto,  I  make).  Producing  chyle. 
Applied  to  one  of  tlie  stomachs,  when  more  than  one  is  present.  The  word 
is  of  mongrel  origin  ;  and  “chylopoietic”  is  more  correct. 

Chyme  (Gr.  chumos,  juice).  The  acid  pasty  fluid  produced  by  tlie  action  of  the 
gastric  juice  upon  the  food.  _  ..... 

Chyme-mass.  A  term  sometimes  applied  to  the  central,  semi-fluid  sarcode  m 
the  interior  of  an  Infusorian. 

Cilia  (Lat.  cilium,  an  eyelash).  Microscopic,  hair-like  filaments,  which  have 
the  power  of  lashing  backwards  and  forwards,  thus  creating  cunents  in  the 
surrounding  or  contiguous  fluid,  or  subserving  locomotion  in  the  animal 
which  possesses  them. 

Cilioguada  (Lat.  cilium  ;  and  gvctdiov,  1  walk).  Synonymous  with  Ctenojmoi'ct, 
an  order  of  Aclinozoa. 

Cinclides  (Gr.  kigklis,  a  lattice).  Special  apertures  in  the  column  walls  ot 
some  Sea-anemones  (Actinidoe),  which  probably  serve  lor  the  emission  ot  the 
cord-like  “  craspeda.” 

Cingulum  (Lat.  a  girdle).  Applied  to  any  belt-like  ridge.  In  a  restricted 
sense,  used  instead  of  “  clitellum  "  to  indicate  the  thickened  region  ot  the 
body  of  an  Earth-worm  or  Leech,  which  is  connected  with  the  reproductive 
act 

Cirri  (Lat.  cirrus,  a  curl).  Tendril-like  appendages,  such  as  the  feet  of  Bar¬ 
nacles,  and  Acorn-shells  (Cirripedes),  the  lateral  processes  on  the  arms  ot 
Brachiopoda,  &c. 

CntRiFEKOUS  or  Cirrigerous.  Carrying  cirri. 

Cirriredia,  Cirrhu'edia,  or  Cirrhopoda  (Lat.  cim<s,  a  curl ;  and  pes,  a 
foot).  A  ilivision  of  Crustacea  with  curled  jointed  feet. 

Cirrostomi  (Lat.  cirrus,  a  tendril  ;  Gr.  stoma,  mouth).  Sometimes  used  to 
designate  the  Pharyngobranch  ii. 

Cladockra  (Gr.  klados,  a  branch  ;  her  as,  a  horn).  An  order  ot  Crustacea 
with  branched  antenna;. 

Clavate  (Lat.  clavus,  a  club).  Club-shaped.  ,  „ 

Clavicle  (Lat.  clavicula,  a  little  key).  The  “collar-bone,  forming  one  of 
the  elements  of  the  pectoral  arch  of  Vertebrates.  . 

Clitellum  or  Cliteli.us  (Lat.  c/itel/a,  a  pack-saddle).  A  thickened  region  ot 
the  body  of  certain  Annelides  connected  with  the  act  of  reproduction. 
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Cloaca  (Lat.  a  sink).  The  cavity  into  which  the  intestine  and  the  ducts 
of  the  generative  glands,  and,  when  present,  of  the  urinary  organs,  open 
in  common  in  some  Invertebrates  (c.g.,  in  Insects),  and  also  in  many  Verte¬ 
brate  animals. 

Clypeifohm  (Lat.  clypeus,  a  shield ;  and  forma,  shape).  Shield-shaped ; 
applied,  for  example,  to  the  carapace  of  the  King-crab. 

Cnid.e  (Gr.  knidS,  a  nettle).  The  indicating  cells  or  “thread-cells,”  whereby 
many  Ccelenterate  animals  obtain  their  power  of  stinging. 

Coccygeal.  Connected  with  the  coccyx. 

Coccyx  (Gr.  kokkux,  a  cuckoo).  The  terminal  portion  of  the  spinal  column 
in  man,  so  called  from  its  fancied  resemblance  to  a  cuckoo’s  beak. 

Cocoox  (French,  cocon,  the  cocoon  of  the  silk-worm  ;  connected  with  Fr. 
cogue,  shell,  which  is  derived  from  the  Lat.  concha).  The  outer  covering  of 
silky  hairs  with  which  the  pupa  or  chrysalis  of  many  insects  is  protected. 
The  chitinous  capsules  in  which  Leeches  and  Earth-worms  deposit  their 
eggs.  The  silken  cases  which  Spiders  weave  for  their  eggs. 

Codonostoma  (Gr.  kodon,  a  bell ;  stoma,  mouth).  The  aperture  or  mouth  of 
the  disc  (nectoealyx)  of  a  Medusa,  or  of  the  bell  (gonocalyx)  of  a  medusi- 
form  gonophore. 

Ccelenterata  (Gr.  koilos,  hollow ;  enteron,  the  bowel).  The  sub-kingdom 
which  comprises  the  Ilydrozoa  and  Actinozoa.  Proposed  by  Frey  and 
Leuckart  in  place  of  the  old  term  Racliata,  which  included  other  animals 
as  well. 

Cceloma  (Gr.  koilos,  hollow).  The  proper  body-cavity  of  the  higher  animals. 

Ccenenchyma  (Gr.  koinos,  common  ;  enchuma,  tissue — literally,  an  infusion). 
The  common  calcareous  tissue  which  unites  together  the  various  corallites 
of  a  compound  corallum. 

Ccencecium  (Gr.  koinos,  common  ;  oiJcos,  house).  The  entire  dermal  system 
of  any  Polyzoiin  ;  employed  in  place  of  the  terms  polyzoary  or  polypidom. 

Ccenosarc  (Gr.  koinos,  common ;  sarx,  flesh).  The  common  organised  me¬ 
dium  by  which  the  separate  zooids  of  a  compound  Ccelenterate  animal  are 
connected  together. 

Ccenosteom  (Gr.  koinos,  common  ;  osteon,  bone).  The  skeleton  produced  by 
the  Hydrocorallines  and  Stromatoporoids. 

Coleoptera  (Gr.  koleos,  a  sheath ;  ptcron,  wing).  The  order  of  Insects 
(Beetles)  in  which  the  anterior  pair  of  wings  are  hardened,  and  serve  as 
protective  cases  for  the  posterior  pair  of  membranous  wings. 

Collembola  (Gr.  kolla,  glue  ;  embolos,  a  sharp  beak  or  pointed  projection). 
An  order  of  Apterous  insects  furnished  with  an  adhesive  ventral  process. 

Colloid  (Gr.  kolla,  glue  ;  eidos,  form).  Glue-like.  The  “  colloids  ”  are  those 
substances  which,  like  albumen,  will  not  passthrough  the  pores  of  an  animal 
membrane,  or  do  so  with  great  difficulty. 

Collozoa  (Gr.  kolla,  glue  ;  zoa,  animals).  A  group  of  Radiolarians. 

Colubrina  (Lat.  coluber,  a  snake).  A  division  of  the  Ophidia. 

Columbacei  (Lat.  columba,  a  dove).  The  division  of  Birds  comprising  the 
Doves  and  Pigeons. 

Columella  (Lat.  dim.  of  columna,  a  column).  In  Concliology,  the  central 
axis  round  which  the  whorls  of  a  spiral  univalve  are  wound.  Amongst  the 
Actinozoa,  it  is  the  central  axis  or  pillar  which  is  found  in  the  centre  of  the 
visceral  chamber  of  many  corals.  In  the  skull  of  the  Lizards,  it  is  the  rod¬ 
like  bone  which  runs  from  the  parietal  to  the  pterygoid. 

Column.  Applied  to  the  cylindrical  body  of  a  Sea-anemone  (Actinia) ;  also 
to  the  jointed  stem  or  peduncle  of  the  stalked  Crinoids. 

Commensal  (Lat.  cum,  with  ;  mensa,  table).  Living  at  the  same  table  with ; 
a  messmate  :  Applied  to  animals  which  live  on  or  in  other  animals  for  part 
or  the  whole  of  their  life,  simply  sharing  the  food  of  their  host,  without 
being  parasitic  on  him. 

Commissural  (Lat.  committo,  T  solder  together).  Connecting  together ;  usually 
applied  to  the  nerve-fibres  which  unite  different  ganglia. 

Concha  (Lat.  a  shell).  The  external  ear,  by  which  sounds  are  collected  and 
transmitted  to  the  internal  ear. 
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Conchifera  (Lat.  concha,  a  shell ;  fero,  I  carry).  Shell-fish.  Applied  in  a 
restricted  sense  to  the  Bivalve  Molluscs,  and  used  as  a  synonym  for  Lamelli- 
branchiata. 

Condyle  (Gr.  kondulos,  a  knuckle).  The  surface  by  which  one  bone  articu¬ 
lates  with  another.  Applied  especially  to  the  articular  surface  or  surfaces 
by  which  the  skull  articulates  with  the  vertebral  column. 

Conirostral  (Lat.  conus,  a  cone ;  rostrum,  a  beak).  Applied  to  the  conical 
beak  of  certain  Perching  Birds. 

Conjugation.  The  coalescence  of  two  separate  masses  of  protoplasm,  fol¬ 
lowed  by  subdivision  and  the  production  of  germs. 

Copepoda  (Gr.  hope,  an  oar  ;  podes,  feet).  An  order  of  Crustacea. 

Coracoid  (Gr.  korax,  a  crow;  eidos,  form).  A  separate  bone  which  enters 
into  the  composition  of  the  pectoral  arch  in  Birds,  Reptiles,  and  Mono- 
tremes.  In  most  Mammals  it  is  a  mere  process  of  the  scapula,  having,  in 
man,  some  resemblance  in  shape  to  the  beak  of  a  crow. 

C'oralligenous.  Producing  a  corallum. 

Corallite.  The  corallum  secreted  by  an  ActinozoSn  which  consists  of  a 
single  polype  ;  or  the  portion  of  a  composite  corallum  which  belongs  to,  and 
is  secreted  by,  an  individual  polype. 

Corallum  (from  the  Latin  for  red  coral).  The  hard  structures  deposited  in, 
or  by,  the  tissues  of  an  ActinozoSn — commonly  called  a  “coral.” 

Coriaceous  (Lat.  corium,  hide).  Leathery. 

Corpus  callosum  (Lat.  the  “firm  body”).  The  great  band  of  nervous  mat¬ 
ter  which  unites  the  two  hemispheres  of  the  cerebrum  in  the  Mammals. 

Corpusculated  (Lat.  corpuscidum,  a  little  body  or  particle).  Applied  to 
fluids  which,  like  the  blood,  contain  floating  solid  particles  or  “corpuscles.” 

Cortical  layer.  The  layer  of  consistent  sarcode,  which  in  the  Infusoria 
encloses  the  endoplasm,  and  is  surrounded  by  the  cuticle.  Sometimes  called 
the  “parenchyma  of  the  body.” 

Costje  (Lat.  costa,  a  rib).  Amongst  the  Corals  the  “costal”  are  vertical  ridges 
which  occur  on  the  outer  surface  of  the  theca,  and  mark  the  position  of  the 
septa  within. 

Costal  (Lat.  costa,  a  rib).  Connected  with  the  ribs. 

Craniata  (Gr.  kranion,  skull).  A  name  given  to  all  the  Vertebrates,  with  the 
exception  of  the  Lancelet,  from  their  possession  of  a  cartilaginous  or  bony 
brain-case. 

Cranium  (Gr.  kranion,  the  skull).  The  bony  or  cartilaginous  case  in  which 
the  brain  is  contained. 

Craspeda  (Gr.  kraspedon,  a  margin  or  fringe).  The  convoluted  cords  formed 
by  the  thickening  of  the  free  margins  of  the  mesenteries  of  a  yea- 
anemone. 

Craspedote  (Gr.  kraspedon,  a  fringe).  Applied  to  those  Jelly-fishes  (Medusa  ) 
in  which  the  mouth  of  the  swimming-bell  is  furnished  with  a  shelf-like 
“  velum.” 

Crepuscular  (Lat.  crepusculum,  dusk).  Applied  to  animals  which  are  active 
in  the  dusk  or  twilight. 

Crinoidea  (Gr.  krinon,  a  lily  ;  eidos,  form).  An  order  of  Echinodermata  com¬ 
prising  forms  which  are  usually  stalked,  and  sometimes  resemble  lilies  in 
shape. 

Crocodilia  (Gr.  krokodeilos,  a  crocodile).  An  order  of  Reptiles. 

Crop.  A  partial  dilatation  of  the  gullet,  technically  called  “ingluvies.” 

Crustacea  (Lat.  crusta,  a  crust).  A  class  of  Arthropoda,  comprising  Crabs, 
Lobsters,  &c.,  characterised  by  the  possession  of  a  hard  shell,  or  crust,  which 
is  cast  periodically. 

Crystalloids.  Substances  which  have  mostly  the  power  of  crystallisation, 
are  readily  soluble,  and  form  solutions  which  pass  easily  through  the  pores 
of  animal  membranes. 

Ctenocyst  (Gr.  kteis,  a  comb  ;  kustis,  a  bag  or  cyst).  The  sense-organ  (prob¬ 
ably  auditory)  which  occurs  in  the  Ctenophora. 

Ctenoid  (Gr.  kteis,  a  comb;  eidos,  form).  Applied  to  those  scales  of  fishes. 
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Ctenophora  (Gv.  kteis,  a  comb  ;  and  phero,  I  carry).  An  order  of  Actinozoa, 
comprising  oceanic  creatures,  which  swim  by  means  of  “  ctenophores, ’  or 
bands  of  cilia  arranged  in  comb-like  plates. 

Cursores  (Lat.  curro,  1  run).  A  name  for  the  Ratite  Birds,  given  to  them 
from  their  being  destitute  of  the  power  of  iliglit,  but  formed  for  running 
vigorously. 

Cuspidate."  Furnished  with  small  pointed  eminences  or  “cusps.” 

Cuticle  (Lat.  cuticula,  dim.  of  cutis,  skin).  The  pellicle  which  forms  the 
outer  layer  of  the  body  amongst  the  Infusoria.  The  outer  layer  of  the  in¬ 
tegument  generally. 

Cutis  (Lat.  skin).  The  inferior  vascular  layer  of  the  integument,  often  called 
the  cutis  vera,  the  corium,  or  the  dermis. 

Cycloid  (Gr.  kuklos,  a  circle  ;  cidos,  form).  Applied  to  those  scales  of  fishes 
which  have  a  regularly  circular  or  elliptical  outline,  with  an  even  margin. 

Cyclostomi  (Gr.  kuklos;  and  stoma,  mouth).  Sometimes  used  to  designate 
the  Hag-fishes  and  Lampreys,  forming  the  order  Marsijoobranchii. 

Cyst  (Gr.  kustis,  a  bladder  or  bag).  A  sac  or  vesicle. 

Cystica.  The  embryonic  forms  (scolices)  of  certain  intestinal  worms  (Tape¬ 
worms),  which  were  described  as  a  distinct  order,  until  their  true  nature  was 
discovered. 

Cystoidea  (Gr.  kustis,  a  bladder ;  and  eidos,  form).  An  extinct  order  of 
Echinodermata. 

Cytode  (Gr.  kutos,  a  vessel ;  eidos,  form).  A  mass  of  protoplasm,  which  differs 
from  a  cell  in  the  want  of  a  definite  “  wall,”  and  the  absence  of  a  “  nucleus.” 

Decapoda  (Gr.  deka,  ten  ;  podes,  feet).  The  division  of  Crustacea  which  have 
ten  ambulatory  feet ;  also  the  family  of  Cuttle-fishes,  in  which  there  are 
ten  arms  or  cephalic  processes. 

Deciduous  (Lat.  decide ,  I  fall  off).  Applied  to  parts  which  fall  off  or  are 
shed  during  the  life  of  the  animal. 

Decollated  (Lat.  decollo,  I  behead).  Applied  to  univalve  shells,  the  apex  of 
which  falls  off  in  the  course  of  growth. 

Deinocerata  or  Dinog er at a  (Gr.  deinos,  terrible  ;  keras,  horn).  An  extinct 
order  of  Tertiary  Mammals. 

Deinosauria  or  Dinosauria  (Gr.  deinos,  terrible  ;  saura,  lizard).  An  extinct 
order  of  Reptiles. 

Dendriform,  Dendritic,  Dendroid  (Gr.  dendron,  a  tree).  Branched  like  a 
tree,  arborescent. 

Dentirostres  (Lat.  dens,  a  tooth  ;  rostrum,  a  beak).  The  group  of  Perching 
Birds  in  which  the  upper  mandible  of  the  beak  has  its  lower  margin  toothed. 

Derma  or  Dermis.  (See  Cutis.) 

Dermal  (Gr.  derma,  skin).  Belonging  to  the  lower  layer  of  the  integument. 

Dermosclerites  (Gr.  derma,  skin ;  skleros,  hard).  Calcareous  spicules  which 
occur  in  the  tissues  of  some  of  the  Alcyonaria  (Actinozoa). 

Desmidi.k.  Minute  fresh-water  plants,  of  a  green  colour,  without  a  siliceous 
epidermis. 

Deuterozooids  (Gr.  deuteros,  second  ;  zodn,  animal ;  eidos,  form).  The  zooms 
which  are  produced  by  gemmation  from  zooids. 

Dextral  (Lat.  dextra,  the  right  hand).  Right-handed;  applied  to  the  direc¬ 
tion  of  the  spiral  in  the  greater  number  of  univalve  shells. 

Diaphragm  (Gr.  diaphragma,  a  partition).  The  “midriff,”  or  the  muscle 
which  in  Mammalia  forms  a  partition  between  the  cavities  of  the  thorax 
and  abdomen.  . 

Diastema  (Gr.  dia,  apart ;  histemi,  I  place).  A  gap  or  interval,  especially 

between  teeth.  .  ... 

DiastoiA:  (Gr.  diastello,  I  separate  or  expand).  The  expansion  of  a  contractile 
cavity  such  as  the  heart,  which  follows  its  contraction  or  “  systole.” 

Diatom  ace.-e  (Gr.  diatemno,  I  sever).  An  order  of  minute  plants,  which  are 
provided  with  siliceous  envelopes. 

Dibiianchiata  (Gr.  dis,  twice;  bragehia,  gill).  The  order  of  Cephalopoda 
(comprising  the  Cuttle-fishes,  &c.)  in  which  only  two  gills  are  present. 
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Dicynodontia  (Gr.  dis,  twice  ;  kuon,  clog  ;  odous,  tooth).  An  extinct  order 
of  Reptiles. 

Dideli>hia  (Gr.  dis,  twice  ;  delphus,  womb).  The  subdivision  of  Mammals 
comprising  the  Marsupials. 

Digit  (Lat.  digitus,  a  finger).  A  finger  or  toe. 

Digitigrada  (Lat.  digitus  ;  gradior,  I  walk).  A  subdivision  of  the  Carnivora. 

Digitigrade.  Walking  upon  the  tips  of  the  toes,  and  not  upon  the  soles  of 
the  feet. 

Dimerosomata  (Gr.  dis ;  meros,  part ;  soma,  body).  An  order  of  Arachnida, 
comprising  the  true  Spiders,  so  called  from  the  marked  division  of  the  body 
into  two  regions,  the  cephalotliorax  and  abdomen.  The  name  Araneida  is 
often  employed  for  the  order. 

Dimyary  (Gr.  dis,  twice  ;  muon,  muscle).  Applied  to  those  Bivalve  Molluscs 
(Lamellibranchiata)  in  which  the  shell  is  closed  by  two  adductor  muscles. 

Dicecious  (Gr.  dis,  twice  ;  oikos,  house).  Having  the  sexes  distinct ;  applied 
to  species  which  consist  of  male  and  female  individuals. 

Diphycercal  (Gr.  dis,  twice  ;  phuo,  I  generate  ;  kerkos,  tail).  Applied  to  the 
tail  of  Fishes  when  the  extremity  of  the  notochord  divides  the  fin-rays  into 
two  equal  moieties. 

Diphyodont  (Gr.  dis,  twice ;  phuo,  I  generate  ;  odous,  tooth).  Applied  to 
those  Mammals  which  have  two  sets  of  teeth. 

Diphyozoolds.  Detached  reproductive  portions  of  adult  Calycophoridos,  an 
order  of  oceanic  Hydrozoa. 

Dipnoi  (Gr.  dis,  twice  ;  pnoe,  breath).  The  order  of  fishes  represented  by  the 

Lepidosiren. 

Diptera  (Gr.  dis,  twice  ;  pteron,  wing).  An  order  of  insects  characterised  by 
the  possession  of  two  wings. 

Discoid  (Gr.  diskos,  a  quoit ;  eidos,  form).  Shaped  like  a  round  plate  or  quoit. 

Discophora  (Gr.  diskos,  a  quoit ;  phe.ro,  I  carry).  This  term  is  applied  to 
the  Sea-blubbers  (Acraspedote  Jelly-fishes)  from  their  form  ;  and  is  some¬ 
times  used  to  designate  the  order  of  the  Leeches  (Hirudinea)  from  the  suc¬ 
torial  discs  which  these  animals  possess. 

Dissepiments  (Lat.  dissepio,  l  partition  off').  Partitions.  Used  in  a  restricted 
sense  to  designate  certain  imperfect  transverse  partitions,  which  grow  from 
the  septa  of  many  corals. 

Distal.  Applied  to  the  quickly  growing  end  of  the  liydrosoma  of  a  Ilydro- 
zoon ;  the  opposite,  or  “proximal”  extremity  growing  less  rapidly,  and 
being  the  end  by  which  the  organism  is  fixed,  when  attached  at  all.  Ap¬ 
plied  in  general  to  the  end  of  au  appendage,  limb,  bone,  &c.,  which  is  furthest 
removed  from  the  trunk. 

Diurnal  (Lat.  dies,  day).  Applied  to  animals  which  are  active  during  the  day. 

Diverticulum  (Lat.  diverticulum,  a  by-road).  A  lateral  tube  with  a  blind 
extremity  springing  from  the  side  of  another  tube. 

Dorsal  (Lat.  dorsum,  back).  Connected  with  the  back. 

Dorsibranchiate  (Lat.  dorsum,  the  back  ;  Gr.  bragchia,  gill).  Having  ex¬ 
ternal  gills  attached  to  the  back  ;  applied  to  certain  Annelides  and  Molluscs. 
The  term  is  of  mongrel  composition,  and  “  notobranchiate  ”  is  more  correctly 
employed. 

Ecderon  (Gr.  ek,  out ;  deros,  skin).  The  outer  plane  of  growth  of  the  external 
integumentary  layer  (viz.,  the  ectoderm,  or  epidermis). 

Ecdysis  (Gr.  ekdusis,  a  stripping  oil').  A  shedding  or  moulting  of  the  skin. 

Echinococci  (Gr.  echinos,  a  hedgehog ;  kokkos,  a  berry).  The  larval  forms 
(scolices)  of  one  of  the  tape-worms  of  the  dog  ( Ta  nia  celt inococcus),  commonly 
known  as  “hydatids.” 

Echinodermata  (Gr.  echinos;  and  derma,  skin).  A  class  of  animals  compris¬ 
ing  the  Sea-urchins,  Star-fishes,  and  others,  most  of  which  have  spiny  skins. 

Echinoidea  (Gr.  echinos ;  and  eidos,  form).  An  order  of  Echinodermata,  com¬ 
prising  the  Sea-urchins. 

Ecu  i noivedilm  (Gr.  echinos,  a  hedgehog  ;  paidion,  a  child).  A  term  applied 
to  the  embryo  or  larva  of  the  Echinodermata. 
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Echinozoa  (Gr.  echinos,  hedgehog ;  zoa,  animals).  A  name  proposed  by  Pro¬ 
fessor  Allman  to  include  the  Ecliinoids,  Asteroids,  Ophiuroids,  and  Holo- 
thuroids. 

Echinulate.  Possessing  spines. 

Ectocyst  (Gr.  ektos,  outside ;  kustis,  a  bladder).  The  external  investment  of 
the  coenoecium  of  a  Polyzobn. 

Ectoderm  (Gr.  ektos;  and  derma,  skin).  The  external  integumentary  layer 
of  the  Ceelenterata. 

Ectoplasm  or  Exoplasm.  (See  Eetosarc). 

Ectosarc  (Gr.  ektos  ;  sarx,  flesh).  The  outer,  transparent  sarcode-layer  of 
certain  Rhizopods,  such  as  the  Amoeba. 

Edentata  (Lat.  e,  without ;  dens,  tooth).  An  order  of  Mammalia,  often  called 
Bruta. 

Edentulous.  Toothless  ;  without  any  dental  apparatus.  Applied  to  the 
mouth  of  any  animal,  or  to  the  hinge  of  the  Bivalve  Molluscs. 
Edriophthalmata.  (See  Hedriophthalmata.) 

Elasmobranchii  (Gr.  elasma,  a  plate  ;  bragchia,  gill).  An  order  of  Fishes, 
including  the  Sharks  and  Rays. 

Elytra  (Gr.  elutron,  a  sheath).  The  chitinous  anterior  pair  of  wings  in 
Beetles,  which  form  cases  for  the  posterior  membranous  wings.  Also  ap¬ 
plied  to  the  scales  or  plates  on  the  back  of  the  Sea-mouse  (Aphrodite). 
Embryo  (Gr.  en,  in  ;  bruo,  I  swell).  The  earliest  stage  at  which  the  young 
animal  is  recognisable  in  the  impregnated  ovum.  Applied  in  general  to  the 
larva  or  young  form  of  an  animal. 

Enaliosauria  (Gr.  enalios,  marine  ;  saura,  lizard).  Sometimes  employed  as 
a  common  term  to  designate  the  extinct  Reptilian  orders  of  the  Ichthyosauria 
and  Plesiosauria. 

Encephalon  (Gr.  egkephalos,  brain).  The  portion  of  the  cerebro-spinal  nerv¬ 
ous  axis  contained  within  the  cranium. 

Encephalous  (Gr.  en,  in  ;  kepha/e,  the  head).  Possessing  a  distinct  head. 

Usually  applied  to  all  the  Mollusca  proper,  except  the  Lamellibranchiata. 
Encystation  (Gr.  en,  in  ;  kustis,  a  bag).  The  transformation  undergone  by 
certain  of  the  Protozoa,  when  they  become  motionless,  and  surround  them¬ 
selves  by  a  thick  coating  or  cyst. 

Enderon  (Gr.  en,  in  ;  deros,  skin).  The  inner  plane  of  growth  of  the  outer 
^  integumentary  layer  (viz.,  the  ectoderm  or  epidermis). 

Endocyst  (Gr.  endon,  within  ;  kustis,  a  bag).  The  inner  membrane  or  integu¬ 
mentary  layer  of  a  Polyzobn.  In  Cristatella,  where  there  is  no  “ectocyst,” 
the  endocyst  constitutes  the  entire  integument. 

Endoderm  (Gr.  endon  ;  and  derma,  skin).  The  inner  integumentary  layer  of 
the  Cadenterata. 

Endoplasm.  (See  Endosarc). 

Endoplast  (Gr.  endon,  within  ;  plasso,  I  mould).  Applied  by  Professor  Hux¬ 
ley  to  the  “nucleus  ”  of  a  cell,  and  particularly  to  the  “ nucleus ”  of  the  Pro¬ 
tozoa. 

Endopodite  (Gr.  endon  ;  and  pons,  foot).  The  inner  of  the  two  secondary 
joints  into  which  the  typical  limb  of  a  Crustacean  is  divided. 

Endosarc  (Gr.  endon;  and  sarx,  flesh).  The  inner  molecular  layer  of  sarcode 
in  the  Amoeba,  and  other  allied  Rhizopods. 

Endoskeleton  (Gr.  endon;  and  skeletos,  dry).  The  internal  hard  structures, 
such  as  bones,  which  serve  for  the  attachment  of  muscles,  or  the  protection 
of  organs,  and  which  are  not  a  mere  hardening  of  the  integument. 

Endostyle  (Gr.  endon  ;  and  stidos,  a  column).  The  longitudinal  fold  found 
on  one  side  of  the  pharynx  of  the  Tunicates. 

Ensiform  (Lat.  ensis,  a  sword  ;  forma,  shape).  Sword-shaped. 

Entomophaga  (Gr.  entoma ,  insects ;  pliago,  I  eat).  A  section  of  the  Mar- 
supialia. 

Entomostraca  (Gr.  entoma,  insects  ;  ostrakon,  a  shell).  Literally,  shelled 
insects — applied  to  a  division  of  Crustacea. 

Entozoa  (Gr.  entos,  within  ;  zoom,  animal).  Animals  which  are  parasitic  in 
the  interior  of  other  animals. 
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Eocene  (Gr.  eos,  dawn  ;  kainos,  new  or  recent).  The  lowest  division  of  the 
Tertiary  rocks,  in  which  species  of  existing  shells  are  to  a  small  extent  re¬ 
presented. 

Ephippium  (Gr.  eph  ippion  ;  Lat.  ephippium,  saddle).  A  receptacle  on  the 
back  of  the  Daphnia,  in  which  the  winter  eggs  are  deposited. 

Epidermis  (Gr.  epi,  upon  ;  derma,  the  true  skin).  The  outer,  non-vascular 
layer  of  the  skin,  often  called  the  scarf-skin  or  cuticle. 

Epiblast  (Gr.  epi,  upon  ;  blastos,  bud).  The  outer  layer  of  cells  (sometimes 
called  the  “serous  layer  ”)  of  the  embryo. 

Epimera  (Gr.  epi,  upon  ;  meron,  thigh).  The  lateral  pieces  of  the  dorsal  arc 
of  the  somite  of  a  Crustacean. 

Epipodia  (Gr.  epi,  upon  ;  pons,  the  foot).  Muscular  lobes  developed  from  the 
lateral  and  upper  surfaces  of  the  “  foot”  of  some  Molluscs. 

Epipodite  (Gr.  epi,  upon  ;  pous,  foot).  A  process  developed  upon  the  basal 
joint,  or  “  protopodite,”  of  some  of  the  limbs  of  certain  Crustacea. 

Episterna  (Gr.  epi,  upon  ;  sternon,  the  breast-bone).  The  lateral  pieces  oi 
the  inferior  or  ventral  arc  of  the  somite  of  a  Crustacean. 

Epistome  (Gr.  epi ;  and  stoma,  mouth).  A  valve-lilce  organ  which  arches  over 
the  mouth  in  certain  of  the  Polyzoa. 

Epitheca  (Gr.  epi,  ;  and  theke,  a  sheath).  A  continuous  layer  surrounding  the 
thecaj  in  some  Corals  externally. 

Epizoa  (Gr.  epi,  upon  ;  zoon,  animal).  Animals  which  are  parasitic  upon 
other  animals.  In  a  restricted  sense,  a  division  oi  Crustacea  which  are  para¬ 
sitic  upon  fishes. 

Equilateral  (Lat.  aquas,  equal  ;  lalus,  side).  Having  its  sides  equal.  Usu¬ 
ally  applied  to  the  shells  of  the  Brachiopoda.  When  applied  to  the  spiral 
shells  of  the  Foraminifera,  it  means  that  all  the  convolutions  of  the  shell 
lie  in  the  same  plane. 

Equivalve  (Lat.  cequus,  equal ;  vulva',  folding-doors).  Applied  to  shells 
which  are  composed  of  two  equal  pieces  or  valves. 

Errantia  (Lat.  erro,  I  wander).  An  order  of  Annelida,  distinguished  by  their 
great  locomotive  powers. 

Eurypterida  (Gr.  eurus,  broad  ;  pteron,  wing).  An  extinct  sub-order  ot 

Crustacea.  . 

Exopodite  (Gr.  exo,  outside  ;  pons,  foot).  The  outer  of  the  two  secondary 
joints  into  which  the  typical  limb  ot  a  Crustacean  is  divided. 

Exoskeleton  (Gr.  exo,  outside;  skeletos,  dry).  The  external  skeleton,  which 
is  constituted  by  a  hardening  of  the  integument,  and  is  often  called  a 
“  dermoskeletou.” 


Falces  (Lat  .falx,  a  sickle).  The  poison-jaws  or  “  mandibles  ”  of  the  Spiders. 
Fasciculated  (Lat.  fasciculus,  a  bundle).  Arranged  in  bundles. 

Fauna  (Lat.  Fauni,  the  rural  deities  of  the  Romans).  The  general  assem¬ 
blage  of  the  animals  of  any  region  or  district. 

Fkmur.  The  thigh-bone,  intervening  between  the  pelvis  and  the  bones  ot  the 
leg  proper  (tibia  and  fibula). 

Feile  (Lat.  ferns,  wild).  Used  often  to  designate  the  order  of  the  Carnivora. 
Feral.  Applied  to  animals  which  are  wild,  as  opposed  to  those  which  are 
domesticated.  Often  applied  to  animals  which  have  escaped  from  domestica¬ 
tion,  and  have  reverted  to  a  wild  condition.  ,  . 

Fibula  (Lat.  a  brooch).  The  outermost  of  the  two  bones  of  the  leg  in  the 
higher  Vertebrata,  corresponding  to  the  ulna  of  the  fore-arm. 

Filiform  (Lat.  lilum,  a  thread  ;  forma,  shape).  Thread-shaped. 

Flssilinguia  (Lat.  fndo,  1  cleave  ;  lingua,  tongue).  A  division  of  Lacertilia, 

witli  bifid  tongues.  ,  „  „ 

Fission  (Lat.  fndo,  I  cleave).  Multiplication  by  means  oi  a  process  ot  sell- 

division.  ,  _.  .  .  .  ,  „  ,  .  , 

Fissiparous  (Lat.  fndo  ;  and  pano,  I  produce).  Giving  origin  to  fresh  struc- 

tures  by'  a  process  of  fission. 

Fissi rostral  (Lat.  fndo,  1  cleave  ; 
gaping  bill  of  certain  Birds. 


rostrum,  beak).  Applied  to  the  widely- 
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Flagellum  (Lat.  for  whip).  The  lash-like  appendage  possessed  by  many  In¬ 
fusoria,  which  are  therefore  said  to  be  “flagellate.” 
h  lor  a  (Lat.  1 1  ora,  the  goddess  of  flowers).  The  general  assemblage  of  the 
plants  of  any  region  or  district. 

Foot.  Applied  in  a  special  sense  to  the  muscular  mass  developed  on  the  ven¬ 
tral  side  of  the  body  in  the  Mollusca. 

Foot- jaws.  The  limbs  of  Crustacea  which  are  modified  to  subserve  masti¬ 
cation. 

Foot-tubercles.  The  unarticulated  appendages  of  the  higher  Annelida, 
often  called  parapodia. 

Foraminifera  (Lat.  foramen,  an  aperture  ;  fero,  I  carry).  An  order  of  Pro¬ 
tozoa,  usually  characterised  by  the  possession  of  a  shell  perforated  by 
numerous  pseudopodial  apertures, 
h RUGr\ orous  (L&t.'frux,  fruit;  voro ,  I  devour).  Living  upon  fruit. 
Funiculus  (Lat.  dim.  ot  funis,  a  rope).  The  cord-like  structure  which  passes 
^  from  the  fundus  of  the  stomach  to  the  bottom  of  the  “  cell  ”  in  the  Polyzoa. 
Flrculum  or  Furcula  (Lat.  dim.  of  fit rca,  a  fork).  The  “  merry -thought  ” 
of  birds,  or  the  Y-shaped  bone  formed  by  the  united  clavicles. 

Fi  siform  (Lat.  fusils,  a  spindle ;  and  forma,  shape).  Spindle-shaped,  or 
pointed  at  both  ends. 

Gallinacei  or  Gallin.e  (Lat.  gallina,  a  hen).  The  order  of  Birds  of  which 
the  Domestic  Fowl  is  a  typical  example. 

Gamogenesis  (Gr.  games,  marriage ;  genesis,  origin,  birth).  Reproduction  by 
ova  and  spermatozoa  ;  sexual  reproduction. 

Ganglion  (Gr.  gagglion,  a  knot).  A  mass  of  nervous  matter  containing  nerve- 
cells,  and  giving  origin  to  nerve-fibres. 

Ganoid  (Gr.  ganos,  splendour,  brightness).  Applied  to  those  scales  or  plates 
which  are  composed  of  an  inferior  layer  of  true  bone  covered  by  a  superior 
layer  of  polished  enamel. 

Ganoidei.  An  order  of  Fishes. 

Gastropoda  (Gr.  gaster,  stomach  ;  pous,  foot).  The  class  of  the  Mollusca 
comprising  the  ordinary  Univalves,  in  which  locomotion  is  usually  effected 
(  by  a  muscular  expansion  of  the  under  surface  of  the  body  (the  “foot  ”). 
Gastrula  (Gr.  dim.  of  gaster,  stomach).  A  name  applied  by  Haeckel  to  that 
developmental  stage  in  various  animals,  in  which  the  embryo  consists  of  two 
fundamental  cell-layers  (ectoderm  and  endoderm,  or  epiblast  and  hypoblast), 
including  a  central  cavity  (archenteron),  and  communicating  with  the  exterior 
^  by  a  primitive  mouth-opening  (blastopore). 

Gemmas  (Lat.  gemma,  a  bud).  The  buds  produced  by  any  animal,  whether 
detached  or  not. 

Gemmation.  The  process  of  producing  new  structures  by  budding. 
Gemmiparous  (Lat.  gemma,  a  bud;  pario,  I  produce).  Giving  origin  to  new 
structures  by  a  process  of  budding. 

Gemmui.es  (Lat.  dim.  ot  gemma).  The  seed-like  reproductive  bodies  or 
“  spores  ”  of  Spongilla. 

Gephvrea  (Gr.  gephura,  a  bridge).  A  class  of  the  Anartliropoda,  comprising 
the  Spoon-worms  (Sipunculus)  and  their  allies. 

Gizzard.  A  muscular  division  of  the  stomach  in  Birds,  Insects,  &c. 

Gladius  (Lat.  a  sword).  Applied  to  the  horny  endoskeleton  or  “pen”  of 
certain  Cuttle-fishes. 

Glenoid  cavity  (Gr.  glene,  a  cavity  ;  eidos,  form).  A  shallow  cavity  ;  applied 
especially  to  the  shallow  articular  cavity  in  the  shoulder-blade  to  which  the 
head  of  the  humerus  is  jointed,  or  to  "the  cavity  on  the  temporal  bone  of 
Mammals  with  which  the  mandible  articulates. 

Gnathites  (Gr.  gnathus,  a  jaw).  The  masticatory  organs  of  Crustacea. 
Gnathopods  (Gr.  gnathus,  jaw  ;  podes,  feet).  The  loot-jaws  of  Crustaceans. 
Gonangium  (Gr.  gonos,  offspring ;  and  aggeion,  a  vessel).  The  chitinous 
receptacle  in  which  the  reproductive  buds  of  certain  of  the  Hydrozoa  are 
produced. 

Gonoblastidia  (Gr.  gonos,  offspring;  llastidion,  dim.  of  blastos,  a  bud).  The 
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processes  which  carry  the  reproductive  receptacles,  or  “gonophores,”  in 
many  of  the  Hydrozoa. 

Gonocalyx  (Gr.  gnnos  ;  and  kalux,  cup).  The  swimming-bell  in  a  medusiform 
gonopliore,  or  the  same  structure  in  a  gonophore  which  is  not  detached. 

Gonophore  (Gr.  gonos  ;  and  phero,  I  carry).  The  generative  buds,  or  recep¬ 
tacles  of  the  reproductive  elements,  in  the  Hydrozoa,  whether  these  become 
detached  or  not. 

Gonosome  (Gr.  gonos ;  and  soma,  body).  Applied  as  a  collective  term  to  the 
reproductive  zooids  of  a  Hydrozobn. 

Gonotheca  (Gr.  gonos  ;  and  theke,  a  case).  The  chitinous  receptacle  within 
which  the  gouopliores  of  certain  of  the  Hydrozoa  are  produced. 

Gkall/E  or  Grallatores  (Lat.  gr  allot,  stilts).  An  order  of  Birds,  including 
many  long-legged  forms. 

Granivorous  (Lat.  granum,  a  grain  or  seed  ;  voro,  I  devour).  Living  upon 
grains  or  other  seeds. 

Graptolitoidea  (Gr.  grapho,  I  write ;  lithos,  a  stone ;  eidos,  form).  The 
“  Graptolites,”  a  sub-class  of  extinct  Hydrozoa. 

Gregarinida  (Lat.  gregarius,  occurring  in  numbers  together).  A  class  of  the 
Protozoa. 

Guard.  The  cylindrical  fibrous  sheath  with  which  the  internal  chambered 
shell  (pliragmacone)  of  a  Belemnite  is  protected. 

Gymnoblastic  (Gr.  gumnos,  naked ;  and  blastos,  a  bud).  Applied  by  Prof. 
Allman  to  those  Hydrozoa  in  which  the  nutritive  and  reproductive  buds  are 
not  protected  by  horny  receptacles. 

Gymnocyte  (Gr.  gumnos,  naked  ;  kutos,  a  vessel).  A  naked,  nucleated  mass 
of  protoplasm,  without  a  proper  “wall.” 

Gymnoljemata  (Gr.  gumnos,  naked ;  laimos,  the  throat).  An  order  of  the 
Polyzoa.  in  which  the  mouth  is  devoid  of  the  valvular  structure  known  as 
the  “epistome.” 

Gymnophiona  (Gr.  gumnos,  naked ;  ophis,  a  suake).  The  order  of  the  A  mphibia 
comprising  the  snake-like  Ccecilue. 

Gymnophthalmata  (Gr.  gumnos;  and  ophthalmos,  the  eye).  Applied  by 
Edward  Forbes  to  those  Medusa ■  in  which  the  eye-specks  at  the  margin  of 
the  disc  are  unprotected.  The  division  is  now  abandoned. 

Gymnosomata  (Gr.  gumnos  ;  and  soma,  the  body).  The  order  of  Pteropoda  in 
which  the  body  is  not  protected  by  a  shell. 

Gynophores  (Gr.  gune,  woman ;  phero,  I  carry).  The  generative  buds,  or 
gonophores  of  Hydrozoa  which  contain  ova  alone,  and  differ  in  form  from 
those  which  contain  spermatozoa. 

Gyrencephala  (Gr.  guroo,  I  wind  about;  egkephalos,  brain).  Applied  by 
Owen  to  a  section  of  the  Mammalia  in  which  the  cerebral  hemispheres  are 
abundantly  convoluted. 


Il.KMAL  (Gr.  haima,  blood).  Connected  with  the  blood-vessels,  or  with  the 
circulatory  system. 

H.F.MATOCRYA  (Gr.  haima,  blood ;  cruos ,  cold).  Applied  by  Owen  to  the 
“cold-blooded”  Vertebrates — viz.,  the  Fishes,  Amphibia,  and  Reptiles. 

H.ematotherma  (Gr.  haima,  blood;  thermos,  warm).  Applied  by  Owen  to 
the  “  warm-blooded ”  Vertebrates — viz.,  Birds  and  Mammals. 

Hallux  (Lat.  allex,  the  thumb  or  great  toe).  The  innermost  of  the  five  digits 
which  normally  compose  the  hind  foot  of  a  ^  ertebrate  animal.  In  man,  the 


great  toe.  . 

Halteres  (Gr.  halteres,  weights  used  by  athletes  to  steady  themselves  in  leap¬ 
ing).  The  rudimentary  filaments  or  “balancers”  which  represent  the 
posterior  pair  of  wings  in  the  Diptera,  an  order  of  Insects. 

Haustellate  (Lat.  haurio,  I  drink).  Adapted  for  sucking  or  pumping  up 
fluids  ;  applied  to  the  mouth  of  certain  Crustacea  and  lnsecta. 

Hectocotylus  (Gr.  hekaton,  a  hundred  ;  kotidos,  a  cup).  The  metamorphosed 
reproductive  arm  of  certain  of  the  male  Cuttle-fishes.  In  the  Argonaut  the 
arm  becomes  detached,  and  was  originally  described  as  a  parasitic  worm. . 

1 1  edriophth almata  (Gr.  hedraios,  sitting ;  ophthalmos,  eye).  The  division 
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of  Crustaceans  in  which  the  eyes  are  sessile,  and  are  not  supported  upon 
stalks. 

Heliozoa  (Gr.  hellos,  sun;  zoiin,  animal).  An  order  of  Protozoa,  with  radi¬ 
ating  pseudopodia. 

Helminthoid  (Gr.  helmins,  an  intestinal  worm).  Worm-shaped,  vermiform. 

Hemelytra  (Gr.  hemi,  half  ;  elutron,  a  sheath).  The  wings  of  certain  Insects, 
in  which  the  apex  of  the  wing  is  membranous,  whilst  the  inner  portion  is 
chitinous,  and  resembles  the  elytron  of  a  beetle. 

Hemimetabolic  (Gr.  hemi,  half;  metabole ,  change).  Applied  to  those  Insects 
which  undergo  an  incomplete  metamorphosis. 

Hemtptera  (Gr.  hemi;  and pteron,  wing).  An  order  of  Insects  in  which  the 
anterior  wings  are  sometimes  “hemelytra.” 

Hermaphrodite  (Gr.  Hermes,  Mercury;  Aphrodite,  Venus).  Possessing  the 
generative  organs  of  both  sexes  combined. 

Heterocera  (Gr.  heteros,  diverse ;  keras,  horn).  Applied  to  the  Moths 
amongst  the  Lcpidoptera,  on  account  of  the  great  variety  of  shape  in  their 
antenna?. 

Heterocercal  (Gr.  heteros,  diverse  ;  kerkos,  tail).  Applied  to  the  tail  of 
Fishes  when  it  is  unsymmetrical,  or  composed  of  two  unequal  lobes. 

Heterogangliate  (Gr.  heteros,  diverse  ;  gagglion,  a  knot).  Possessing  a  nerv¬ 
ous  system  in  which  the  ganglia  are  scattered  (as  in  the  Mollusca,  for 
example). 

Heterogenesis  or  Heterogeny  (Gr.  heteros,  diverse ;  genesis,  origin,  birth). 
The  production  of  living  beings  without  pre-existent  living  beings. 

Heteromorphic  (Gr.  heteros  ;  morphe,  form).  Differing  in  form  and  shape. 

Heteromyary  (Gr.  heteros,  diverse ;  muon,  muscle).  Applied  to  those 
Bivalves  in  which  the  anterior  adductor  is  much  smaller  than  the  posterior 
adductor. 

Heterophagi  (Gr.  heteros,  other  ;  phago,  I  eat).  Applied  to  Birds,  the  young 
of  which  are  born  in  a  helpless  condition,  and  require  to  be  fed  by  the  par¬ 
ents  for  a  longer  or  shorter  period. 

Heteropoda  (Gr.  heteros,  diverse  ;  podes,  feet).  An  aberrant  group  of  the 
Gastropods,  in  which  the  foot  is  modified  so  as  to  form  a  swimming  organ. 

Hexapod  ( Gr.  hex,  six ;  pous,  foot).  Possessing  six  legs ;  applied  to  the 
Insecta. 

Hibernation  (Lat.  hiberno,  I  pass  the  winter).  The  winter  torpidity  exhib¬ 
ited  by  many  animals  in  the  winter  season  in  cold  regions. 

Hilum  (Lat.  hilum,  a  little  thing).  A  small  aperture  (as  in  the  gemmules  of 
sponges),  or  a  small  depression  (as  in  Noctiluca). 

Hirudinea  (Lat.  liirudo,  a  horse-leech).  The  order  of  Annelida  comprising 
the  Leeches. 

Histology  (Gr.  histos,  a  web  ;  logos,  a  discourse).  The  study  of  the  tissues, 
more  especially  of  the  minuter  elements  of  the  body. 

Holocephali  (Gr.  halos,  whole  ;  lcephale,  head).  A  sub-order  of  the  Elasmo- 
branchii  comprising  the  Chimcene. 

Holometabolic  (Gr.  holos,  whole;  metabole,  change).  Applied  to  Insects 
which  undergo  a  complete  metamorphosis. 

Holostomata  (Gr.  holos,  whole;  stoma,  mouth).  A  division  of  Gastropodous 
Molluscs,  in  which  the  aperture  of  the  shell  is  rounded  or  “entire.” 

Holothuroidea  (Gr.  holothourion  ;  and  eidos,  form).  An  order  of  Echinoder- 
mata,  comprising  the  Trepangs  and  Sea-cucumbers. 

Homocercal  (Gr.  homos,  same;  kerkos,  tail).  Applied  to  the  tail  of  Fishes 
when  it  is  symmetrical,  or  composed  of  two  equal  lobes. 

Homogangliatk  (Gr.  homos,  like  ;  gagglion,  a  knot).  Having  a  nervous  sys¬ 
tem  in  which  the  ganglia  are  symmetrically  arranged  (as  in  the  Annulosa,  for 
example). 

Homologous  (Gr.  homos ;  and  logos,  a  discourse).  Applied  to  parts  which 
are  constructed  upon  the  same  fundamental  plan. 

Homomoiiphous  (Gr.  homos  ;  and  morphe,  form).  Having  a  similar  external 
appearance  or  form. 

Humerus.  The  bone  of  the  upper  arm  ( brachium )  in  the  Vertebrates. 
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Hyaline  (Gr.  hualos,  crystal).  Crystalline  or  glassy. 

Hydatid  (Gr.  huclatis,  a  vesicle).  The  bladder-like  structure  produced  by  the 
budding  scolices  of  certain  of  the  Tape-worms. 

Hydraform.  Resembling  the  common  Fresh- water  Polype  (Hydra)  in  form. 

Hydranth  (Gr.  hudra,  water-serpent ;  and  anthos,  flower).  The  “polypite,” 
or  proper  nutritive  zociid,  of  the  Hydrozoa. 

Hydrocaiilus  (Gr.  hudra,  a  water-serpent ;  and  kaulos,  a  stem).  The  main 
stem  of  the  coenosarc  of  a  Hydrozoon. 

Hydrocysts  (Gr.  hudra ;  and  kustis,  a  cyst).  Curious  sensory  processes 
attached  to  the  ccenosarc  of  the  Physophoridce. 

Hydrcecium  (Gr.  hudra;  and  oikos,  a  house).  The  chamber  into  which  the 
ccenosarc  in  many  of  the  Calycophoridce  can  be  retracted. 

Hydroida  (Gr.  hudra;  and  eidos,  form).  The  sub-class  of  the  Hydrozoa 
which  comprises  the  animals  most  nearly  allied  to  the  Hydra. 

Hydrophyllia  (Gr.  hudra;  and  phuUon,  a  leaf).  Overlapping  appendages 
or  plates  which  protect  the  polypites  in  some  of  the  oceanic  Hydrozoa 
(Calycophoridce  and  Physophoridce).  They  are  often  termed  “bracts,”  and 
are  the  “ Deckstucke"  of  the  Germans. 

Hydrorhiza  (Gr.  hudra;  and  rhiza,  root).  The  adherent  base  or  proximal 
extremity  of  any  Hydrozoon. 

Hydrosoma  (Gr.  hudra;  and  soma.,  body).  The  entire  organism  of  any 
Hydrozoon. 

Hydrothec.e  (Gr.  hudra;  and  theke,  a  case).  The  little  chitinous  cups  in 
which  the  polypites  of  the  Sertularida  and  Campanularida  are  protected. 

Hydrozoa  (Gr.  hudra;  and  zoon,  animal).  The  class  of  the  Ccelenterata 
which  comprises  animals  constructed  after  the  type  of  the  Hydra. 

Hymenoptera  (Gr.  humeri,  a  membrane  ;  pteron,  a  wing).  An  order  of  Insects 
(comprising  Bees,  Ants,  &c.)  characterised  by  the  possession  of  four  mem¬ 
branous  wiugs. 

Hyoid  (Gr.  U ;  eidos,  form).  The  bone  which  supports  the  tongue  in  Verte¬ 
brates,  and  derives  its  name  from  its  resemblance  in  man  to  the  Greek 
letter  U. 

Hypoblast  (Gr.  hupo,  under  ;  hlastos,  bud).  The  inner  of  the  two  fundamental 
cell-layers  of  the  embryo. 

Hypostome  (Gr.  hupo,  under;  stoma,  mouth).  The  upper  lip,  or  “labrum," 
of  the  Crustacea. 

Hyracoidea  (Gr.  hurax,  a  shrew;  eidos,  form).  An  order  of  the  Mammalia 
constituted  for  the  reception  of  the  single  genus  Hyrax. 

Ichthyodorulite  (Gr.  ichthus,  fish  ;  doru,  spear;  lithos,  stone).  The  fossil 
fin-spines  of  Fishes. 

Ichthyomorph  v  (Gr.  ichthus;  morphe,  shape).  An  order  of  Amphibians, 
often  called  Urodela,  comprising  the  fish-like  Newts,  &c. 

Ichthyophthira  (Gr  ichthus;  phtheir,  a  louse).  A  parasitic  group  of  Cope- 
pod  Crustaceans. 

Ichthyopsida  (Gr.  ichthus ;  opsis,  appearance).  The  primary  division  of 
Vertehrata,  comprising  the  Fishes  and  Amphibia.  Often  spoken  of  as  the 
Branch  iate  Vertehrata. 

Ichthyofterygia  (Gr.  ichthus  ;  pterux,  wing).  An  extinct  order  of  Reptiles. 

Icuthyosauria  (Gr.  ichthus;  saura,  lizard).  Synonymous  with  Ichthyop- 
terygia. 

Ilium.  The  haunch-bone,  one  of  the  bones  of  the  pelvic  arch  in  the  higher 
Vertebrates. 

Imago  (Lat.  an  image  or  apparition).  The  perfect  insect,  after  it  has  under¬ 
gone  its  metamorphoses. 

Imbricated.  Applied  to  scales  or  plates  which  overlap  one  another  like 
tiles. 

Incisor  (Lat.  inciilo,  1  cut).  The  cutting-teeth  fixed  in  the  prcemaxillary 
bones  of  the  Mammalia,  and  the  corresponding  teeth  in  the  lower  jaw. 

Inequilateral.  Having  the  two  sides  unequal,  as  in  the  case  of  the  shells 
of  the  ordinary  Bivalves  (Lamellibranchiata).  When  applied  to  the  shells 
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of  the  Foramini/era,  it  implies  that  the  convolutions  of  the  shell  do  not  lie 
in  the  same  plane,  but  are  obliquely  wound  round  an  axis. 

Inequivalve.  Composed  of  two  unequal  pieces  or  valves. 

Infundibulum  (Lat.  for  funnel).  The  tube  formed  by  the  coalescence  or 
apposition  of  the  epipodia  in  the  Cephalopoda  —  commonly  termed  the 
“funnel”  or  “siphon.” 

Infusoria  (Lat.  infusum,  an  infusion).  A  class  of  Protozoa,  so  called  because 
they  are  often  developed  in  organic  infusions. 

Ingluvies  (Lat.  the  crop).  A  dilatation  of  the  gullet  (“  crop  ”),  found  in  Birds, 
Insects,  &c. 

Inguinal  (Lat.  inguen,  groin).  Connected  with,  or  situated  upon,  the  groin. 

Inoperculata  (Lat.  in,  without;  operculum,  a  lid).  The  division  of  pulmon- 
ate  Gastropoda  in  which  there  is  no  shelly  or  horny  plate  (operculum)  by 
which  the  shell  is  closed  when  the  animal  is  withdrawn  within  it. 

Insecta  (Lat.  inseco,  I  cut  into).  The  class  of  Articulate  animals  commonly 
known  as  Insects. 

Insectivora  (Lat.  insectum,  an  insect ;  voro,  I  devour).  An  order  of  Mammals. 

Insectivorous.  Living  upon  Insects. 

Insessores  (Lat.  insideo,  I  sit  upon).  The  order  of  the  Perching  Birds,  often 
called  Passeres. 

Interambulacra.  The  rows  of  plates  in  an  Echinoid  which  are  not  perforated 
for  the  emission  of  the  “  tube-feet.” 

Intermaxill/E.  (See  Pnemaxilke.) 

Interradial.  Applied  to  structures  in  the  Echinoderms  which  are  situated 
between  the  “radii”  or  radiating  segments,  of  which  the  body  of  one  of 
these  animals  is  made  up. 

Intussusception  (Lat.  intus,  within  ;  suscipio,  I  take  up).  The  act  of  talcing 
foreign  matter  into  a  living  being. 

Invertebrata  ( Lat.  in,  without ;  vertebra,  a  bone  of  the  back).  Animals 
without  a  spinal  column  or  backbone. 

Ischium  (Gr.  ischion,  the  hip).  One  of  the  bones  of  the  pelvic  arch  in  Verte¬ 
brates. 

Isopoda  (Gr.  isos,  equal ;  podes,  feet).  An  order  of  Crustacea,  in  which  the 
feet  are  often  like  oue  another  and  equal. 

Jugular  (Lat.  jugulum,  the  throat).  Connected  with,  or  placed  upon,  the 
throat.  Applied  to  the  ventral  tins  of  fishes  when  they  are  placed  beneath 
or  in  advance  of  the  pectorals. 

Kainozoic  (Gr.  kainos,  recent ;  zoe,  life).  The  Tertiary  period  in  Geology, 
comprising  those  formations  in  which  the  organic  remains  approximate  more 
or  less  closely  to  the  existing  fauna  and  flora. 

Keratode  (Gr.  h-eras,  horn  ;  eidos,  form).  The  horny  substance  of  which  the 
skeleton  of  many  Sponges  is  made  up. 

Labium  (Lat.  for  lip).  Restricted  to  the  lower  lip  of  Arthropods. 

Labrum  (Lat.  for  lip).  Restricted  to  the  upper  lip  of  Arthropods. 

Labyrinthodontia  (Gr.  laburinthos,  a  labyrinth  ;  odons,  tooth).  A11  extinct 
order  of  Amphibia,  so  called  from  the  complex  microscopic  structure  of 
the  teeth. 

Lacertilia  (Lat.  lacerta,  a  lizard).  An  order  of  Reptilia  comprising  the 
Lizards  and  Slow-worms. 

LjEMCidipoda  (Gr.  laimos,  throat ;  dis,  twice  ;  podes,  feet).  A  group  of  Crus¬ 
tacea,  so  called  because  they  have  two  feet  placed  far  forwards,  as  it  were 
under  the  throat. 

Lamellibranchiata  (Lat.  lamella,  a  plate;  Gr.  bragchia,  gill).  The  class  of 
Mollusca,  comprising  the  ordinary  Bivalves,  characterised  by  the  possession 
of  lamellar  gills. 

Lamellirostiiks  (Lat.  lamella,  a  plate;  rostrum,  Imak).  The  flat-billed 
Swimming  Birds  (Natatores),  such  as  Ducks,  Geese,  Swans,  &c. 

Larva  (Lat.  a  mask).  The  insect  in  its  first  stage  after  its  emergence  from 
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the  egg,  when  it  is  usually  very  different  from  the  adult.  Applied  in  a  gen¬ 
eral  sense  to  the  young  form  of  any  animal,  particularly  if  unlike  the 
adult. 

Larynx.  The  upper  part  of  the  windpipe,  forming  a  cavity  with  appropriate 
muscles  and  cartilages,  situated  beneath  the  hyoid  bone,  and  concerned  in 
Mammals  in  the  production  of  vocal  sounds. 

Lemuroidea  (Lat.  lemures,  ghosts;  Gr.  eidos,  form).  The  division  of 
Primates  of  which  the  Lemurs  are  the  type. 

Lenticular  (Lat.  lens,  a  bean).  Shaped  like  a  biconvex  lens. 

Lepidoptkra  (Gr.  lepis,  a  scale ;  pteron,  a  wing).  An  order  of  Insects,  com¬ 
prising  Butterflies  and  Moths,  characterised  by  possessing  four  wings  which 
are  usually  covered  with  minute  scales. 

Leptocardia  (Gr.  leptos,  slender,  small ;  cardia,  heart).  The  name  given  by 
Muller  to  the  order  of  Fishes  comprising  the  Lancelet,  now  called  Pharyn- 
gobranchii. 

Ligamentum  nucHjE  (Lat.  nucha,  the  nape  of  the  neck).  The  band  of  elastic 
fibres  by  which  the  weight  of  the  head  in  Mammalia  is  supported. 

Lingual  (Lat.  lingua,  the  tongue).  Connected  with  the  tongue. 

Lissencephala  (Gr.  lissos,  smooth  ;  egkephalos,  brain).  A  primary  division 
of  Mammalia,,  according  to  Owen,  in  which  the  cerebral  hemispheres  are 
smooth  or  have  few  convolutions. 

Lithocysts  (Gr.  lithos,  a  stone;  kustis,  a  cyst).  The  sense-organs  or  “mar¬ 
ginal  bodies”  of  the  Lucernarida  or  Steganophthalmate  Medusa >. 

Longipennat.e  (Lat.  longus,  long;  penna,  wing).  A  group  of  the  Natatorial 
Birds. 

Longirostral  (Lat.  longus ;  rostrum,  beak).  Applied  to  the  slender  and 
soft-tipped  beak  of  Snipes  and  allied  birds. 

Lophophore  (Gr.  lophos,  a  crest ;  and  phero,  I  carry).  The  disc  or  stage  upon 
which  the  tentacles  of  the  Polyzoa  are  borne. 

Lophyropoda  (Gr.  lophouros,  having  stiff  hairs  ;  and  podes,  feet).  A  section 
of  Crustacea. 

Lorica  (Lat.  a  breast -plate).  Applied  to  the  protective  case  with  which  cer¬ 
tain  Infusoria  are  provided. 

Loricata  (Lat.  lorica,  a  cuirass).  The  division  of  Reptiles  comprising  the 
Chelonia  and  Crocodilia,  in  which  bony  plates  are  developed  in  the  skin 
(dermis). 

Lucernarida  (Lat.  lucerna,  a  lamp).  A  division  of  the  Ilydrozoa. 

Lumbar  (Lat.  lumbus,  loin).  Connected  with  the  loins. 

Lunate  (Lat.  lima,  moon).  Crescentic  in  shape. 

Lyencephala  (Gr.  luo,  1  loose ;  egkephalos,  brain).  A  primary  division  of 
Mammals  according  to  Owen. 

Macrura  (Gr.  makros,  long ;  our  a,  tail).  A  tribe  of  Decapod  Crustaceans 
with  long  tails  (e.g.,  the  Lobster,  Shrimp,  &c. ) 

Madreporiform.  Perforated  with  small  holes,  like  a  coral ;  applied  to  the 
tubercle  (“madreporite”)  by  which  the  ambulacral  system  of  the  Echino- 
derms  mostly  communicates  with  the  exterior. 

Malacostraca  (Gr.  malakos,  soft ;  ostrakon,  shell).  A  division  of  Crustacea. 
Originally  applied  by  Aristotle  to  the  entire  class  Crustacea,  because  their 
shells  were  softer  than  those  of  the  Mollusca. 

Mallophaga  (Gr.  mallos,  a  fleece  ;  phago,  I  eat).  An  order  of  Insects  which 
are  mostly  parasitic  upon  birds. 

Mammalia  (Lat.  mamma,  the  breast).  The  class  of  Vertebrate  animals  which 
suckle  their  young. 

Mandible  (Lat.  mandibulum,  a  jaw).  The  first  pair  of  jaws  in  Insects  ; 
also  applied  to  one  of  the  pairs  of  jaws  in  Crustacea  and  Spiders,  to  the  beak 
of  Cephalopoda,  the  lower  jaw  of  Vertebrates,  &e. 

Mantle.  The  dorsal  integument  of  most  of  the  Mollusca,  which  is  largely 
developed,  and  forms  a  cloak  in  which  the  viscera  are  protected.  Techni¬ 
cally  called  the  “  pallium." 

Manubrium  (Lat.  a  handle).  The  polvpite  which  is  suspended  from  the  roof 
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of  the  swimming-bell  of  a  Medusa,  or  from  the  gonocalyx  of  a  medusiform 
gonophore,  amongst  the  Hydrozoa. 

Manus  (Lat.  the  hand).  The  hand  or  fore-foot  of  the  higher  Vertebrates. 
Marsipobranchii  (Gr.  marsipos,  a  pouch  ;  bragchia,  gill).  The  order  of 
fishes  comprising  the  Hag-fishes  and  Lampreys,  with  pouch-like  gills. 
Marsupialia  (Lat.  marsupium,  a  pouch).  An  order  of  Mammals  in  which 
the  females  mostly  have  an  abdominal  pouch  in  which  the  young  are  carried. 
Mastax  (Gr.  mouth).  The  muscular  pharynx  or  “  buccal  funnel  ”  into  which 
the  month  opens  in  most  of  the  Rotifera. 

Masticatory  (Lat.  mastico,  I  chew).  'Applied  to  parts  adapted  for  chewing. 
Maxilla:  (Lat.  jaws).  The  inferior  pair  or  pairs  of  jaws  in  the  Arthropoda 
(Insects,  Crustacea,  & c.)  The  upper  jaw-bones  of  Vertebrates. 
Maxillipedes  (Lat.  maxilla,  jaws  ;  pcs,  the  foot).  The  limbs  in  Crustacea 
and  Mynopoda  which  are  converted  into  masticatory  organs,  and  are  com¬ 
monly  called  “foot-jaws.” 

Medulla  (  Lat.  marrow).  Applied  to  the  marrow  of  bones  ;  or  to  the  spinal 
cord,  with  or  without  the  adjective  “spinalis." 

Medi  s.e.  the  Jelly-fishes,  so  called  because  of  the  resemblance  of  their 
tentacles  to  the  snaky  hair  of  the  Medusa.  Some  Jelly-fishes  (Tracliy- 
medusce)  are  independent  animals  ;  but  others  are  merely  a  single  life-sta°-e 
in  certain  of  the  Hydrozoa. 

Medusiform.  Resembling  a  Medusa  in  shape. 

Medusoid.  Like  a  Medusa  ;  used  substantively  to  designate  the  medusiform 
gonopliores  of  the  Hydrozoa. 

Mkmbrana  xictitans  (Lat.  nicto,  I  wink).  The  third  eyelid  of  birds,  &c. 
Mentum  (Lat.  the  chin).  The  basal  portion  of  the  labium  or  lower  lip  in 
Insects.  The  chin  in  man. 

Merostomata  (Gr.  meron,  thigh  ;  stoma ,  mouth).  Au  order  of  Crustacea  in 
which  the  appendages  which  are  placed  round  the  mouth,  and  which  offi¬ 
ciate  as  jaws,  have  their  free  extremities  developed  into  walking  or  pre¬ 
hensile  organs. 

Mesenteries  (Gr.  mesos,  intermediate ;  enleron,  intestine).  In  a  restricted 
sense,  the  vertical  plates  which  divide  the  somatic  cavity  of  an  Actinozoon. 
In  a  general  sense,  the  membrane  by  which  the  alimentary  canal  is  con¬ 
nected  with  the  wall  of  the  body. 

Mesoblast  (Gr.  mesos,  intermediate  ;  blastos,  bud).  The  middle  layer  of  cells 
( “  vascular  layer  ”)  in  the  embryo  of  the  higher  Metazoa. 

Mesoderm  (Gr.  mesos;  and  derma,  skin).  "The  middle  layer  of  the  body- 
wall  of  a  Ccelenterate  animal.  It  is  developed  between  the  ectoderm  and 
endoderm,  and  consists  essentially  of  connective  tissue. 

Mesofodium  (Gr.  mesos ;  and pous,  foot).  The  central  portion  of  the  “  foot” 
of  the  Gastropodous  Molluscs. 

Mesosternum  (Gr.  mesos,  intermediate;  sternon,  the  breast-bone).  The 
middle  portion  of  the  sternum,  intervening  between  the  attachment  of  the 
second  pair  of  ribs  and  the  xiphoid  cartilage  (xiphisternum). 

Mesothorax  (Gr.  mesos;  and  thorax,  the  chest).  The  middle  ring  of  the 
thorax  in  Insects. 

Mesozoic  (Gr.  mesos  ;  and  zoe,  life).  The  Secondary  period  in  Geology. 
Metacarpus  (Gr.  meta,  after  ;  karpos ,  the  wrist).  The  bones  which  intervene 
between  the  wrist  ( carpus )  and  the  fingers. 

Metamorphosis  (Gr.  meta,  implying  change;  morphe,  shape).  The  changes 
of  form  which  certain  animals  undergo  in  passing  from  their  younger  to 
their  fully-grown  condition. 

Metapodium  (Gr.  meta,  after  ;  pous,  the  foot).  The  posterior  lobe  of  the  foot 
in  Mollusca  ;  often  called  the  “  operculigerous  lobe,”  because  it  develops  the 
operculum  when  this  structure  is  present. 

Metastoma  (Gr.  meta,  after ;  stoma,  mouth).  The  plate  which  closes  the 
mouth  posteriorly  in  the  Crustacea. 

Metatarsus  ((Jr.  meta,  after;  tarsus,  the  instep).  The  bones  which  intervene 
between  the  bones  of  the  ankle  ( tarsus )  and  the  digits  in  the  hind-foot  of  the 
higher  Vertebrates. 
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Metathorax  (Gr.  meta,  after  ;  thorax,  tire  chest).  The  posterior  ring  of  the 
thorax  in  Insects. 

Metazoa  (Gr.  meta,  implying  change  ;  zoiin,  animal).  Applied  to  animals  in 
which  the  primitive  indifferent  tissue  of  the  embryo  becomes  converted  into 
cells,  which  in  tarn  may  or  may  not  be  developed  into  more  complex  tissues. 
Under  this  head  are  included  all  animals  except  the  Protozoa. 

Molars  (Lat.  mola,  a  mill).  The  back  teeth  of  the  milk-dentition.  Those 
back  teeth  of  the  permanent  dentition  which  are  not  preceded  by  milk-teeth. 

Mollusc  a  (Lat.  mollis,  soft).  The  sub-kingdom  of  the  Shell-fish  ( Testacea). 
The  name  is  in  allusion  to  the  generally  soft  nature  of  the  body. 

M( illuscoidea  (Mollusca ;  Gr.  cidos,  form).  A  name  used  by  many  naturalists 
for  the  Brachiopoda  and  Polyzoa,  with  or  without  the  Tunicates. 

Monads  (Gr.  monas,  unity).  Unicellular  microscopic  animals,  furnished  with 
a  single  flagellum. 

Monera  (Gr.  moneres,  single).  An  order  of  Protozoa,  comprising  animals 
composed  of  simple  undifferentiated  sarcode. 

Monoculous.  Possessed  of  only  one  eye. 

Monodelphta  (Gr.  monos,  single ;  delphus,  womb).  The  division  of  Mammalia 
in  which  the  uterus  is  single. 

Monoecious  (Gr.  monos,  single ;  oikos,  house).  Applied  to  individuals  in 
which  the  sexes  are  united. 

Monomyary  (Gr.  monos,  single ;  muon,  muscle).  Applied  to  those  Bivalves 
( Lamellibrancliiata )  in  which  the  shell  is  closed  by  a  single  adductor  muscle. 

Monophyodont  (Gr.  monos  ;  phuo,  I  generate  ;  odous,  tooth).  Applied  to  those 
Mammals  in  which  only  a  single  set  of  teeth  is  ever  developed. 

Monothalamous  (Gr.  monos ;  and  thalamos,  chamber).  Possessing  only  a 
single  chamber.  Applied  to  the  shells  of  Foraminifera  and  Mollusca. 

Monotremata  (Gr.  monos  ;  trema,  aperture).  The  order  of  Mammals  com¬ 
prising  the  Duck-mole  and  Echidna,  in  which  the  intestinal  canal  opens 
into  a  “  cloaca  ”  common  to  the  ducts  of  the  urinary  and  generative  organs. 

Morphological  (Gr.  morpliS,  shape  ;  logos,  discourse).  Relating  to  form  and 
structure,  as  opposed  to  function. 

Morula  (Lat.  dim.  of  morns,  a  mulberry).  Applied  to  ova  in  which  the  primi¬ 
tive  segmentation-spheres  do  not  become  arranged  so  as  to  give  rise  to  a 
“  segmentation-cavity,”  but  the  segmented  ovum  is  solid. 

Multilocular  (Lat.  mtdtus,  many;  loculus,  a  little  purse).  Divided  into 
many  chambers. 

Multivalve.  Applied  to  shells  which  are  composed  of  many  pieces. 

Multungula  (Lat.  multus,  many  ;  ungula,  hoof).  The  division  of  Perisso- 
dactyle  Ungulates,  in  which  each  foot  has  more  than  a  single  hoof. 

Myelon  (Gr.  muelos,  marrow).  The  spinal  cord  of  Vertebrates. 

Myriopoda  or  Myriapoda  (Gr.  murios,  ten  thousand  ;  podes,  feet).  A  class 
of  Arthropoda  comprising  the  Centipedes  and  their  allies,  characterised  by 
their  numerous  feet. 

Nacreous  (Fr.  nacre,  mother-of-pearl,  originally  Oriental).  Pearly ;  of  the 
texture  of  mother-of-pearl. 

Natatores  (Lat.  nare,  to  swim).  The  order  of  the  Swimming  Birds. 

Natatory  (Lat.  nare,  to  swim).  Formed  for  swimming. 

Nauplius  (Lat.  a  species  of  Shell-fish).  The  unsegmented  ovate  larva  of  the 
lower  Crustaceans,  in  which  there  is  a  median  eye  and  three  pairs  of  ap¬ 
pendages. 

Nautiloid.  Resembling  the  shell  of  the  Nautilus  in  shape. 

Nectocalyx  (Gr.  necho,  I  swim  ;  kalux,  cup).  The  swimming-bell  or  “disc” 
of  a  Medusa  or  Jelly-fish. 

Nematelmia  (Gr.  nema,  thread  ;  luimins,  a  worm).  The  division  of  Scolecida 
comprising  the  Round-worms,  Thread-worms,  &c. 

Nematocysts  (Gr.  nema,  thread  ;  lust  is,  a  bag).  The  thread-cells  of  the 
Ccelenterala.  (Sec  Cnkhe.) 

Nematoidea  (Gr.  nema,  thread  ;  eidos,  form).  An  order  of  Scolecida  com¬ 
prising  the  Thread-worms,  Vinegar-eels,  &c. 
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NEMATOrHORES  (Gr.  nema,  thread  ;  pliero,  I  carry).  C'secal  processes  found  on 
the  coenosarc  of  certain  of  the  Sertularida,  containing  numerous  thread-cells 
at  their  extremities. 

Nemertida  (Gr.  Nemertes,  proper  name).  A  division  of  the  Turbellarian 
Worms,  commonly  called  “Ribbon-worms.” 

Nephridia  (Gr.  nephros,  kidney).  The  tubular  organs  (“segmental  organs,” 
&c.)  which  are  believed  to  correspond  in  many  Invertebrates  with  the 
kidneys  of  the  Vertebrates. 

Nervures  (Lat.  nervus,  a  sinew).  The  ribs  which  support  the  membranous 
wings  of  insects. 

Neural  (Gr.  neuron,  a  nerve).  Connected  with  the  nervous  system. 

Neurapophysis  (Gr.  neuron,  a  nerve  ;  apophusis,  a  projecting  part).  The 
“spinous  process  ”  of  a  vertebra,  or  the  process  formed  at  the  point  of  junc¬ 
tion  of  the  neural  arches. 

Neuropodium  (Gr.  neuron,  a  nerve ;  pous,  the  foot).  The  ventral  or  inferior 
division  of  the  “foot-tubercle”  of  an  Annelide  ;  often  called  the  “ventral 
oar.” 

Neuroptera  (Gr.  neuron ;  and  pteron,  a  wing).  An  order  of  insects  charac¬ 
terised  by  four  membranous  wings  with  numerous  reticulated  nervures  (e.g., 
Dragon-flies). 

Neuter  (Lat.  neither  the  one  nor  the  other).  Having  no  fully  developed 
sex. 

Nidification  (Lat.  nidus,  a  nest ;  facio,  I  make).  The  building  of  a  nest. 

Nocturnal  (Lat.  nox,  night).  Applied  to  animals  which  are  active  by  night. 

Normal  (Lat.  norma,  a  rule).  Conforming  to  the  ordinary  standard. 

Notobranchiata  (Gr.  notos,  the  back  ;  and  bragchia,  gill).  Carrying  the  gills 
upon  the  back  ;  applied  to  a  division  of  the  Annelida. 

Notochord  (Gr.  notos,  the  back :  chorde,  string).  A  cellular  rod  which  is 
developed  in  the  embryo  of  Vertebrates  immediately  beneath  the  spinal 
cord,  and  which  is  usually  replaced  in  the  adult  by  the  vertebral  column. 
Often  it  is  spoken  of  as  the  “  chorda  dorsalis.” 

Notopodium  (Gr.  notos,  the  back  ;  and  pous,  the  foot).  The  dorsal  division 
of  one  of  the  foot-tubercles  or  parapodia  of  an  Annelide;  often  called  the 
“  dorsal  oar.” 

Nuchal  (Lat.  nucha,  the  nape  of  the  neck).  Applied  to  structures  situated 
on  the  nape  of  the  neck. 

Nucleated.  Possessing  a  nucleus  or  central  particle. 

Nucleolus.  The  minute  solid  or  vesicular  body  in  the  interior  of  the  nucleus 
of  a  cell. 

Nucleus  (Lat.  a  kernel).  1.  The  solid  or  vesicular  body  found  in  the  interior 
of  many  cells.  2.  The  “  madreporite  ”  of  the  Echinoderms.  3.  The  em¬ 
bryonic  shell  which  is  retained  in  many  Molluscs  to  form  the  apex  of  the 
adult  shell. 

N u dibranch iata  (Lat.  nudus,  naked;  and  Gr.  bragchia,  gill).  An  order  of 
the  Gastropoda  in  which  the  gills  are  naked. 

Nymph.  The  active  pupa  of  certain  Insects. 

Occipital.  Connected  with  the  occiput  or  the  back  part  of  the  head. 

Oceanic.  App  lied  to  animals  which  inhabit  the  open  ocean  (=pelagic). 

Ocelli  (Lat.  diminutive  of  oculus,  eye).  The  simple  eyes  of  many  Echino¬ 
derms,  Spiders,  Crustaceans,  Molluscs,  kc. 

Octopoda  (Gr.  octo,  eight  ;  pous,  foot).  The  tribe  of  Cuttle-fishes  with  eight 
arms  attached  to  the  head. 

Odontoceti  (Gr.  odous,  tooth  ;  ketos,  whale).  The  “  toothed  ”  Whales,  in 
contradistinction  to  the  “whalebone  ”  Whales. 

Odontoid  (Gr.  odous  ;  eiclos ,  form).  “  The  odontoid  process”  is  the  centrum 
or  body  of  the  first  cervical  vertebra  (atlas).  It  is  detached  from  the  atlas, 
and  is  often  aneliylosed  with  the  second  cervical  vertebra  (axis),  and  it  forms 
the  pivot  upon  which  the  head  rotates. 

Odontophora.  A  name  given  by  Professor  Huxley  to  the  Gastropoda,  Ptero- 
poda ,  and  Cephalopoda  collectively,  from  the  presence  in  these  groups  of  the 
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structure  known  as  the  “odontophore.”  The  name  “  Glossophora”  has  been 
proposed  by  Professor  Ray  Lankester  for  the  same  groups. 

Odontophore  (Or.  odous,  tooth  ;  phero,  I  carry).  The  peculiar  masticatory 
apparatus  of  the  Molluscs  (exclusive  of  the  Bivalves). 

Odontornithes  (Gr.  odous,  tooth ;  ornis,  bird).  An  extinct  sub-class  of 
Birds,  comprising  forms  with  distinct  teeth  in  sockets  or  in  a  groove. 

CEsophagus.  The  gullet  or  tube  leading  from  the  mouth  to  the  stomach. 

Oligochjsta  (Gr.  oligos,  few  ;  chaite,  hair).  An  order  of  Annelida ,  compris¬ 
ing  the  Earth-worms,  in  which  there  are  few  bristles. 

Omasum  (Lat.  bullock’s-tripe).  The  third  stomach  of  Ruminants,  commonly 
called  the psalterium,  or  manyplies. 

Omnivorous  (Lat.  omnia,  everything;  voro,  I  devour).  Feeding  indiscrimi¬ 
nately  upon  all  sorts  of  food. 

Ontogenesis  (Gr.  onta,  beings  ;  genesis,  birth).  The  development  of  the  in¬ 
dividual,  as  opposed  to  the  development  of  the  species. 

On  vc’HOPHORA  (Gr.  onux,  claw  or  nail ;  phero,  I  carry).  The  order  of  which 
Peripatus,  with  its  hooked  feet,  is  the  type. 

Oocysts  (Gr.  oon,  egg ;  kustis ,  bladder).  Chambers  appended  to  the  cells  of 
certain  of  the  Polyzoa,  which  serve  as  a  receptacle  for  the  eggs.  Sometimes 
called  “ovicells”  or  “ocecia.” 

Operculata  (Lat.  operculum,  a  lid).  A  division  of  pulmonate  Gastropoda, 
in  which  the  shell  is  closed  by  an  operculum. 

Operculum.  A  horny  or  shelly  plate  developed  in  certain  Mollusca  upon 
the  hinder  part  of  the  foot,  and  serving  to  close  the  aperture  of  the  shell 
when  the  animal  is  retracted  within  it ;  also  the  lid  of  the  shell  of  a  Balanus 
or  Acorn-shell ;  also  the  chain  of  flat  bones  which  covers  the  gills  in  many 
fishes. 

Ophidia  (Gr.  ophis,  a  serpent).  The  order  of  Reptiles  comprising  the  Snakes. 

Ophiomorpha  (Gr.  ophis  ;  morphe,  shape).  The  order  of  Amphibia  compris¬ 
ing  the  Ccecili<x\ 

Ophiuroidea  (Gr.  ophis,  snake  ;  our  a,  tail ;  eidos,  form).  An  order  of  Echino- 
dermata  comprising  the  Brittle-stars  and  Sand-stars. 

Opisthobranchiata  (Gr.  opisthen,  behind;  bragchia,  gill).  A  division  of 
Gastropoda,  in  which  the  gills  are  placed  on  the  posterior  part  of  the  body. 

Opisthoccelous  (Gr.  opisthen,  behind ;  koilos,  hollow).  Applied  to  vertebra* 
the  bodies  of  which  are  hollow  or  concave  behind. 

Oral  (Lat.  os,  mouth).  Connected  with  the  mouth. 

Ornithodiclphia  (Gr.  ornis,  a  bird  ;  d.elphus,  womb).  The  primary  division 
of  Mammals  comprising  the  Monotremata. 

Orthoceratid.-e  (Gr.  orthos,  straight ;  kerns,  horn).  A  family  of  the  Nau- 
tilidcx,  in  which  the  shell  is  straight,  or  nearly  so. 

Orthoptera  (Gr.  orthos,  straight ;  ptcron,  wing).  An  order  of  Insects. 

Oscula  (Lat.  diminutive  of  os,  mouth).  1.  The  large  apertures  by  which  a 
sponge  is  perforated  (“exlialant  apertures”).  2.  The  sucker's  with  which 
the  Tceniada  (Tape-worms  and  Cystic  Worms)  are  provided. 

Ossicula  (Lat.  diminutive  of  os,  bone).  Literally  small  bones.  Often  used 
to  designate  any  hard  structures  of  small  size,  such  as  the  calcareous  plates 
in  the  integument  of  the  Star-fishes. 

Ostracoda  (Gr.  ostrakon,  a  shell).  An  order  of  small  Crustaceans  which  are 
enclosed  in  bivalve  shells. 

Otocyst  (Gr.  oils,  ear  ;  kustis,  bladder).  A  simple  form  of  auditory  apparatus, 
consisting  of  a  membranous  sac  or  vesicle,  filled  with  fluid  and  containing 
mineral  particles  in  its  interior. 

Otoliths  (Gr.  mis,  ear ;  and  lithos,  stone).  The  calcareous  bodies  connected 
with  the  sense  of  hearing,  even  in  its  most  rudimentary  form. 

Ovarian  vesicles  or  capsules.  The  reproductive  buds  of  the  Sertularida. 

Ovary  (Ovarium).  The  organ  by  which  ova  are  produced. 

Oviparous  (Lat.  ovum,  an  egg  ;  and pario,  I  bring  forth).  Applied  to  animals 
which  bring  forth  eggs,  in  contradistinction  to  those  which  bring  forth  their 
young  alive. 

Ovipositor  (Lat.  ovum;  and  pono,  I  place).  The  organ  possessed  by  some  In- 
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sects,  by  means  of  which  the  eggs  are  placed  in  a  position  suitable  for  their 
development. 

Ovisac.  The  external  bag  or  sac  in  which  certain  of  the  Invertebrates  carry 
their  eggs  after  they  are  extruded  from  the  body. 

Ovoviviparous  (Lat.  ovum,  egg  ;  virus,  alive  ;  pario,  I  produce).  Applied  to 
animals  which  retain  their  eggs  within  the  body  until  they  are  hatched. 

Ovum  (Lat.  an  egg).  The  germ  produced  within  the  ovary,  and  capable  under 
certain  conditions  of  being  developed  into  a  new  individual. 

Pachydermata  (Gr.  pachus,  thick  ;  derma,  skin).  An  old  Mammalian  order 
constituted  by  Cuvier  for  the  reception  of  the  Rhinoceros,  Hippopotamus, 
Elephant,  &c. 

Palaeontology  (Gr.  palaios,  ancient ;  onta,  beings  ;  and  logos,  discourse).  The 
science  of  fossil  remains  or  of  extinct  organised  beings. 

Palaeozoic  (Gr.  palaios,  ancient ;  and  zoe,  life).  Applied  to  the  oldest  of  the 
great  palaeontological  epochs. 

Pali  (Lat.  palus,  a  stake).  Vertical  calcareous  plates  which  in  certain  Corals 
are  developed  in  a  cycle  internal  to  the  free  edges  of  the  proper  septa. 

Palliobranchiata  (Lat.  pallium,  a  cloak  ;  and  Gr.  bragehia,  gill).  An  old 
name  for  the  Brachiopoda,  founded  upon  the  belief  that  the  system  of  tubes 
in  the  mantle  constituted  the  gills. 

Pallium  (Lat.  a  cloak).  The  mantle  of  the  Mollusca.  Pallial :  relating  to 
the  mantle.  Pallial  line  or  impression :  the  line  left  in  the  dead  shell 
by  the  muscular  margin  of  the  mantle.  Pallial  shell :  a  shell  which  is 
secreted  by,  or  contained  within,  the  mantle,  such  as  the  “bone”  of  the 
Cuttle-fishes. 

Palpi  (Lat.  palpo,  I  touch).  Processes  supposed  to  be  organs  of  touch,  de¬ 
veloped  from  certain  of  the  oral  appendages  in  Insects,  Spiders,  and  Crus¬ 
tacea,  and  from  the  sides  of  the  mouth  in  the  Acephalous  Molluscs. 

Panspermy  (Gr.  pan,  all ;  sperma,  seed).  The  theory  that  living  beings  are 
never  produced  except  from  pre-existent  living  beings. 

Papilla  (Lat.  for  nipple).  A  minute  soft  prominence. 

Paranucleus.  The  so-called  “nucleolus”  of  the  Infusoria,  which  maybe 
contained  in  the  interior  of  the  nucleus,  or  may  be  applied  to  its  exterior,  or 
may  simply  be  near  (Gr.  para,  beside)  the  latter. 

Parapodia  (Gr.  para,  beside  ;  podes,  feet).  The  unarticulated  lateral  locomo¬ 
tive  processes  or  “  foot-tubercles  ”  of  many  of  the  Annelida. 

Parietal  (Lat.  paries,  a  wall).  Connected  with  the  walls  of  a  cavity  or  of  the 
body. 

Parietosplanchnic  (Lat.  paries  ;  Gr.  splagchna,  viscera).  Applied  to  one  of 
the  pairs  of  nerve-ganglia  (“visceral  ”  ganglia)  in  the  Mollusca,  as  supplying 
filaments  to  the  walls  of  the  body  and  to  the  viscera. 

Parthenogenesis  (Gr.  parthenos,  a  virgin ;  genesis,  birth).  The  production 
of  new  individuals  from  unfertilised  ova,  and  therefore  without  the  inter¬ 
vention  of  a  male. 

Patagium  (Lat.  the  border  of  a  dress).  Applied  to  the  expansion  of  the  in¬ 
tegument  by  which  Bats,  Flying  Squirrels,  and  other  animals  support 
themselves  in  the  air. 

Patella.  The  knee-cap  or  knee-pan.  A  sesamoid  bone  developed  in  the 
tendon  of  insertion  of  the  great  extensor  muscles  of  the  thigh. 

Pauropoda  (Gr.  pauros,  little  ;  podes,  feet).  An  order  of  Myriopoda. 

Pecten  (Lat.  a  comb).  A  peculiar  fold  of  the  choroid  coat  of  the  eye  of  Birds, 
which  is  continued  obliquely  through  the  vitreous  humour  to  the  lens. 

Pectinate  (Lat.  pecten,  a  comb).  Comb-like.  _  . 

Pectinibranchiata  (Lat.  pecten;  Gr.  bragehia,  gill).  Applied  to  certain  ol 
the  Gastropods,  from  their  comb-like  gills. 

Pectoral  (Lat.  pectus,  chest).  Connected  with,  or  placed  upon,  the  chest. 

Pedal  (Lat.  pes,  the  foot).  Connected  with  the  foot  ol  any  animal.  Applied 
more  particularly  to  structures  connected  with  the  “foot  of  Molluscs. 

Pedicel  (Lat.  dim.  of  pes,  foot).  A  small  stem  or  stalk.  Applied  in  a  re¬ 
stricted  sense  to  the  “tube-feet"  of  Echinoderms. 
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Pf.dicelt.ari/T-:  (Lat.  pedicellus,  a  louse).  Certain  singular  appendages  found 
in  many  Echinoderms,  attached  to  the  surface  of  the  body,  and  resembling 
a  little  beak  or  forceps  supported  on  a  stalk. 

Pedicle  (Lat.  dim.  of  pes,  the  foot).  A  little  stem. 

Pedipalpi  (Lat.  pes,  foot  ;  palpo,  I  feel).  The  order  of  Arachnida  comprising 
the  Scorpions.  Sometimes  used  as  a  name  for  the  maxillary  palpi  of  the 
Arachnida  generally. 

Peduncle  (Lat.  pedunculus,  a  stem  or  stalk).  In  a  restricted  sense  applied 
to  the  muscular  process  by  which  certain  Brachiopods  are  attached,  and  to 
the  stem  which  bears  the  body  (capitulum)  in  Barnacles. 

Pedunculate.  Possessing  a  peduncle. 

Pelagic  (Gr.  pelagos,  sea).  Inhabiting  the  open  ocean. 

Pklecypoda  (Gr.  pelekus,  an  axe  ;  podes,  feet).  A  name  often  applied  to  the 
Lamellibranchiata,  on  account  of  many  of  them  having  a  liatchet-shaped  or 
sickle-shaped  foot, 

Pelmatozoa  (Gr.  pelma,  stalk  ;  zoa,  animals).  Applied  as  a  collective  term  to 
indicate  the  Crinoids,  Cystoids,  and  Blastoids,  as  opposed  to  the  other  Ech¬ 
inoderms  (Echinozoa). 

Pelvic.  Connected  with  the  pelvis,  or  with  the  hind-limbs  generally. 

Pelvis  (Lat.  a  basin).  Applied  to  the  basin-shaped  structure  formed  by  the 
union  of  the  two  pelvic  arches  with  the  sacrum  in  the  higher  Vertebrates. 

Peiiennibranchiate  (Lat.  perennis,  perpetual  ;  Gr.  bragchia,  gill).  Applied 
to  Amphibians  which  retain  the  gills  throughout  life. 

Pergajientaceous  (Lat.  pergamena ,  parchment).  Of  the  texture  of  parch¬ 
ment. 

Pericardium  (Gr.  peri,  around ;  kardia,  heart).  The  serous  membrane  in 
which  the  heart  is  contained. 

Periderm  (Gr.  peri,  around ;  and  derma,  skin).  The  hard  cuticular  layer 
which  is  developed  by  the  ccenosarc  of  certain  of  the  Hydrozoa. 

Perigastric  (Gr.  peri,  around  ;  and  gaster,  stomach).  The  perigastric  space 
is  the  cavity  which  surrounds  the  stomach  and  other  viscera,  corresponding 
to  the  abdominal  cavity  of  the  higher  animals. 

Periostracum  (Gr.  peri  ;  and  ostrakon,  shell).  The  layer  of  epidermis  which 
covers  the  shell  in  most  of  the  Mollusca. 

Periproct  (Gr.  peri,  around  ;  pruktos,  anus).  The  calcareous  membrane  sur¬ 
rounding  the  anus  in  the  Sea-urchins. 

Perisarc  (Gr.  peri,  around  ;  sarx,  flesh).  Employed  by  Prof.  Allman  as  a 
general  term  for  the  cliitinous  envelope  secreted  by  many  of  the  Hydrozoa. 

Perisome  (Gr.  peri  ;  and  soma,  body).  The  coriaceous  or  calcareous  integu¬ 
ment  of  the  Echinodermata. 

Perissodactyla  (Gr.  perissos,  uneven  ;  daktulos,  finger).  Applied  to  those 
Hoofed  Quadrupeds  ( Ungulata )  in  which  the  feet  have  an  uneven  number 
of  toes. 

Peristome  (Gr.  peri;  and  stoma,  mouth).  The  space  which  intervenes  be¬ 
tween  the  mouth  and?  the  margin  of  the  calyx  in  Vorticella ;  also  the  space 
between  the  mouth  and  the  tentacles  in  a  Sea-anemone  (Actinia) ;  also  the 
lip  or  margin  of  the  mouth  of  a  univalve  shell. 

Perivisceral  (Gr .peri;  and  Lat.  viscera,  the  internal  organs).  Applied  to 
the  space  surrounding  the  viscera. 

Pes  (Lat.  foot).  Applied  in  a  restricted  sense  to  the  hind-feet  of  Vertebrates. 

Petaloid.  Shaped  like  the  petals  of  a  flower. 

Phalanges  (Gr.  phalanx,  a  row).  The  small  bones  composing  the  digits  of  the 
higher  Vertehrata. 

Pharyngobranchii  (Gr.  pliarugx,  pharynx ;  bragchia,  gill).  The  order  of 
Fishes  comprising  only  the  Lancelet. 

Pharynx.  The  dilated  commencement  of  the  gullet. 

Phragmacone  (Gr .phragma,  a  partition  ;  and  konos,  a  cone).  The  chambered 
portion  of  the  internal  shell  of  a  Belemnite. 

Phylactolasmata  (Gr.  plmlasso,  I  guard ;  and  laimos,  throat).  The  division 
of  Polyzoa  in  which  the  mouth  is  provided  with  the  arched  valvular  process 
known  as  the  “epistome.” 
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Phyllocysts  (Gr.  phnllon,  leaf ;  and  kustis,  a  cyst).  The  cavities  in  the  in¬ 
terior  of  the  “  liydrophyllia  ”  of  certain  of  the  Oceanic  llydrozoa. 

Phyllopoda  (Gr.  phnllon,  leaf  ;  ami  pons,  foot).  An  order  of  Crustacea. 

Phylogenesis  (Gr.  phulon,  race ;  genesis,  origin).  The  development  of  the 
species  or  race,  as  opposed  to  that  of  the  individual. 

Phyogf.mmaria  (Gr.  phuo,  I  produce;  and  Lat.  gemma,  bud).  The  small 
gonoblastidia  of  Velella,  one  of  the  Physophoridce. 

Physophorid.®  (Gr. phusa,  bellows  or  air-bladder;  and phero,  I  carry).  An 
order  of  Oceanic  llydrozoa. 

Phytoid  (Gr .  phuton,  a  plant ;  and  eidos,  form).  Plant-like. 

Phytophagous  (Gr.  phuton,  a  plant ;  and  phago,  I  eat).  Plant-eating,  or 
herbivorous. 

Pinnate  (Lat.  pinna,  a  feather).  Feather-shaped,  or  possessing  lateral 
processes. 

Pinnigrada  (Lat.  pinna,  a  feather ;  gradior,  I  walk).  The  group  of  Carni¬ 
vora,  comprising  the  Seals  and  Walruses,  adapted  for  an  aquatic  life.  Often 
called  Pinnipedia. 

Pinnul.®  (Lat.  dim.  of  pinna).  The  lateral  processes  of  the  arms  of  Crinoids. 
Slender  lateral  processes  of  any  kind. 

Pisces  (Lat.  piscis,  a  fish).  The  class  of  Vertebrates  comprising  the  Fishes. 

Placenta  (Lat.  a  cake).  The  “after-birth,”  or  the  organ  by  which  avascu¬ 
lar  connection  is  established  in  the  higher  Mammalia  between  the  mother 
and  the  fcetus. 

Placental.  Possessing  a  placenta,  or  connected  with  the  placenta. 

Placoid  (Gr.  pi  ax,  a  plate ;  eidos,  form).  Applied  to  the  irregular  bony 
plates,  grains,  or  spines  which  are  found  in  the  skin  of  various  fishes 
( Elasmobranchii ) . 

Plagiostomi  (Gr.  plagios,  transverse  ;  stoma,  mouth).  The  Sharks  and  Rays, 
in  which  the  mouth  is  transverse,  and  is  placed  on  the  under  surface  of  the 
head. 

Planarida  (Gr.  plane,  wandering).  A  sub-order  of  the  Turbellaria. 

Plantigrade  (Lat.  planta,  the  sole  of  the  foot ;  gradior,  I  walk).  Applying 
the  sole  of  the  foot  to  the  ground  in  walking. 

Planula  (Lat.  planus,  flat).  A  form  of  embryo  in  various  groups  of  Inverte¬ 
brates,  consisting  of  two  layers  of  cells  without  a  central  segmentation-cavity. 

Plasmodium  (Gr.  plasma,  something  moulded  ;  eidos,  form).  The  proto¬ 
plasmic  network  or  aggregate  formed  by  the  more  or  less  complete  coal¬ 
escence  of  a  number  of  cytodes. 

Plastron.  The  lower  or  ventral  portion  of  the  bony  case  of  the  Chelonians. 

Platyelmia  (Gr.  plains,  broad ;  and  helmins,  an  intestinal  worm).  The 
division  of  Scolecida  comprising  the  Tape-worms,  &c. 

Platyrhina  (Gr.  platus,  broad  ;  r/dnes,  nostrils).  The  South  American  Mon¬ 
keys, -characterised  by  their  flat  noses,  with  a  wide  septum  narium,  and 
having  the  nostrils  placed  far  apart. 

Pleura  (Gr.  the  side).  The  serous  membrane  covering  the  lung  in  the  air- 
breathing  Vertebrates. 

Pleurodont  (Gr.  pleuron,  side  ;  odous,  tooth).  Applied  to  the  teeth  of 
Lizards  which  are  anchylosed  with  the  inner  margin  of  the  alveolar  border  ot 
the  jaw.  . 

Pleuron  or  Pleura  (Gr.  pleuron,  side,  or  rib).  The  lateral  extension  of  the 
shell  of  the  Crustacean  segment  at  the  point  where  the  sternum  and  tergum 
join. 

Pluteus  (Lat.  a  pent-house).  The  larval  form  of  the  Echmoidea. 

Pneumatic  (Gr.  pneuma,  air).  Filled  with  air. 

Pneumatocyst  (Gr.  pneuma,  air ;  and  kustis,  cyst).  The  air-sac  or  float  of 
certain  of  the  Oceanic  llydrozoa  ( Physophoridce ).  . 

Pneumatophore  (Gr.  pneuma,  air  ;  and  phero,  I  carry).  t  he  proximal 
dilatation  of  the  ccenosare  in  the  Physophoridce  which  surrounds  the  pneu- 

Pneumoskeleton  (Gr.  pneuma  ;  and  skeletos,  dry).  The  hard  structures  which 
are  connected  with  the  breathing  organs  (e.g.,  the  shell  of  Molluscs). 
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Podophthalmata  (Gr.  pous,  foot  ;  and  oplithalmos,  eye).  The  division  of 
Crustacea  in  which  the  eyes  are  borne  at  the  end  of  long  foot-stalks. 

Podosomata  (Gr.  pous,  foot ;  soma,  body).  An  order  of  Arachnula. 

Poephaga  (Gr.  pot',  grass  ;  phago,  I  eat).  A  group  of  the  Marsupials. 

Pollex  (Lat.  the  thumb).  The  innermost  of  the  live  normal  digits  of  the 
anterior  limb  of  the  higher  Vertebrates.  In  man,  the  thumb. 

Polych^ta  (Gr.  polus,  many;  chaiti,  bristle).  A  name  often  applied  to  the 
Tubicolar  and  Errant  Annelides  to  distinguish  them  collectively  from  the 
Oligochceta  (Earth-worms,  &c.) 

Polycystina  (Gr.  polus,  many  ;  and  kustis,  a  cyst).  An  order  of  Protozoa, 
with  foraminated  siliceous  shells. 

Poi.ygastrica  (Gr.  polus ;  and  gaster,  stomach).  The  name  applied  by 
Ehrenberg  to  the  Infusoria,  under  the  belief  that  they  possessed  many 
stomachs. 

Polypary.  The  hard  ehitinous  covering  secreted  by  many  of  the  Hydrozoa. 

Polype  (Gr.  polus,  many  ;  pous,  foot).  Restricted  to  the  single  individual  of 
a  simple  Actinozoon,  such  as  a  Sea-anemone,  or  to  the  separate  zobids  of  a 
compound  Actinozoon.  Often  applied  indiscriminately  to  any  of  the  Catlen- 
terata,  or  even  to  the  Polyzoa. 

Polypide.  The  separate  zobid  of  a  Polyzoon. 

Polypidom.  The  dermal  system  of  a  colony  of  a  Hydrozoon  or  Polyzoon. 

Polypite.  The  separate  zobid  of  a  Hydrozoon. 

Polystome  (Gr.  polus,  many  ;  and  stoma,  mouth).  Having  many  mouths  ; 
applied  to  the  Acinetce  amongst  the  Protozoa. 

Polythalamods  (Gr.  polus ;  and  thalamos,  chamber).  Having  many  cham¬ 
bers — applied  to  the  shells  of  Foraminifera  and  Cephalopoda. 

Polytrochal  (Gr.  polus,  many  ;  trochos,  wheel).  An  epithet  applied  to  those 
larva;  of  Annelides  and  other  Invertebrates,  in  which  there  are  successively- 
disposed  circlets  of  cilia. 

Polyzoa  (Gr.  polus  ;  and  zoon,  animal).  A  division  of  the  Molluscoida,  com¬ 
prising  compound  animals,  such  as  the  Sea-mat.  Sometimes  called  Bryozoa. 

Polyzoarium.  The  dermal  system  of  the  colony  of  a  Polyzoon  (=Polypi- 
dom). 

Porcellanous.  Of  the  texture  of  porcelain. 

Porifera  (Lat.  porus,  a  pore  ;  and  feru,  I  carry).  The  division  of  the 
Sponges. 

Post-abdomen.  That  portion  of  the  “abdomen”  of  Crustacea,  Arachnula, 
and  Mynopoda  which  lies  behind  the  segments  corresponding  with  the 
abdomen  of  Insects. 

Post-anal.  Situated  behind  the  anus. 

Post-cesophageal.  Situated  behind  the  gullet. 

Post-oral.  Situated  behind  the  mouth. 

Pr.-k.m  axill.']:.  The  bones  which  form  the  front  of  the  upper  jaw  in  Vertebrates, 
and  normally  carry  in  Mammals  the  upper  incisor  teeth.  In  man,  the 
praemaxilhe  are  anchylosed  with  each  other  and  with  the  maxilla;. 

Pr.emolars  (Lat.  prat,  before ;  molares,  the  grinders).  The  molar  teeth  of 
Mammals  which  succeed  the  molars  of  the  milk-set  of  teeth.  In  man,  the 
bicuspid  teeth. 

I'R/E-cksophageal.  Situated  in  front  of  the  gullet. 

Pu.e-stkrnt.m.  The  anterior  portion  of  the  breast-bone,  corresponding  with 
the  manubrium  sterni  of  human  anatomy,  and  extending  as  far  as  the  point 
of  articulation  of  the  second  rib. 

Primates  (Lat.  primus,  chief  or  noble).  The  order  of  Mammals  including 
Man  and  the  Monkeys.  Linnaeus  included  the  Bats  also  under  this  name. 

Proboscidea  (Lat.  proboscis,  the  snout).  The  order  of  Mammals  comprising 
the  Elephants. 

Proboscis  (Lat.  or  Gr.  the  snout).  Applied  to  the  spiral  trunk  of  Lepidop - 
lerous  Insects,  to  the  projecting  mouth  of  certain  Crinoids,  and  to  the  cen¬ 
tral  polypite  in  the  Medusa. 

Puoccelous  (Gr.  pro,  before  ;  koilos,  hollow).  Applied  to  vertebrae,  the  bodies 
of  which  arc  hollow  or  concave  in  front. 
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Proctuchous  (Gr.  proktos,  arms  ;  echo,  I  have).  Possessing  an  anal  aperture. 

Proglottis  (Gr.  for  the  tip  of  the  tongue).  The  generative  segment  or  joint 
of  a  Tape-worm. 

Pro-legs.  The  false  abdominal  feet  of  Caterpillars. 

Pronation  (Lat.  promts,  lying  on  the  face,  prone).  The  act  of  turning  the 
palm  of  the  hand  downwards. 

Profodium  (Gr.  pro,  before  ;  pous,  foot).  The  anterior  part  of  the  foot  in 
Molluscs. 

Proscolkx  (Gr.  pro,  before  ;  scoletc,  worm).  The  first  embryonic  stage  of  a 
Tape-worm. 

Prosobranchiata  (Gr.  proso,  in  advance  of ;  bragchia,  a  gill).  A  division 
of  Gastropodous  Molluscs  in  which  the  gills  are  situated  in  advance  of  the 
heart. 

Prosoma  (Gr.  pro,  before  ;  soma,  body).  The  anterior  part  of  the  body. 

Prothorax  (Gr.  pro;  and  thorax,  chest).  The  anterior  ring  of  the  thorax  of 
insects. 

Protophyta  (Gr.  prolos,  first ;  and  phuton,  plant).  The  lowest  division  of 
plants. 

Protoplasm  (Gr.  protos;  aud  plasso,  T  mould).  The  elementary  basis  of  or¬ 
ganised  tissues,  or  the  elementary  form  of  living  matter. 

Protofodite  (Gr.  protos,  first ;  and  pous,  foot).  The  basal  segment  of  the 
typical  limb  of  a  Crustacean. 

Protozoa  (Gr.  protos ;  and  zoon,  animal).  The  lowest  division  of  the  animal 
kingdom. 

Provkntriculus  (Lat.  pro,  in  front  of ;  ventriculus,  dim.  of  venter,  belly). 
The  cardiac  portion  of  the  stomach  of  birds. 

Proximal  (Lat.  proximus,  next).  The  slowly -growing,  comparatively -fixed 
extremity  of  a  limb  or  of  an  organism. 

Psalterium  (Lat.  a  stringed  instrument).  The  third  stomach  of  Ruminants. 
(See  Omasum.) 

Pseudembryo  (Gr.  pseudos,  falsity ;  emhruon,  embryo).  The  larval  form  of 
an  Echinoderm. 

Pseudobranchia  (Gr.  pseudos,  falsity;  bragchia,  gill).  A  supplementary  gill 
found  in  certain  fishes,  which  receives  arterialised  blood  only,  and  does  not, 
therefore,  assist  in  respiration. 

Pseudohjemal  (Gr.  pseudos,  falsity  ;  and  haima,  blood).  Applied  to  the  vas¬ 
cular  system  of  Annelida. 

Pseudohearts.  The  tubular  excretory  organs  (nephridia)  of  Brachiopoda, 
originally  considered  to  be  hearts. 

Pseudonavickll/e  (Gr.  pseudos,  false  ;  and  Navicula,  a  genus  of  Diatoms). 
The  embryonic  forms  of  the  Gregarinidce,  so  called  from  their  resemblance 
in  shape  to  the  Navicula. 

Pseudopodia  (Gr.  pseudos  ;  and  pous,  foot).  The  extensions  of  the  body- 
substance  which  are  put  forth  at  will  by  the  Rhizopoda,  or  by  any  wall-less 
mass  of  protoplasm,  and  which  serve  for  locomotion  and  prehension. 

Pseudova  (Gr.  pseudos;  Lat.  ovum,  egg).  The  egg-like  bodies  from  which 
the  young  of  the  viviparous  Aphis  are  produced. 

Pteropoda  (Gr.  pteron,  wing;  and  pous,  foot).  A  class  of  the  Mollusca  which 
swim  by  means  of  fins  attached  near  the  head. 

Pterosauria  (Gr.  pteron,  wing  ;  saura,  lizard).  An  extinct  order  of  reptiles. 

Pubis  (Lat.  pubes,  hair).  The  share-bone  ;  one  of  the  bones  which  enter  into 
the  composition  of  the  pelvic  arch  of  Vertebrates. 

Pulmogastropoda  ( =  Pulmonifera). 

Pulmonate.  Possessing  lungs. 

Pulmonifera  (Lat.  pulmo,  a  lung;  and  fero,  I  carry).  The  division  of  Gas¬ 
tropodous  Mollusca  which  breathe  by  means  of  a  pulmonary  chamber. 

Pupa  (Lat.  a  doll).  The  stage  of  an  insect  immediately  preceding  its  appear¬ 
ance  in  a  perfect  condition.  In  the  pupa-stage  it  is  usually  quiescent— when 
it  is  often  called  a  “chrysalis”  ;  but  it  is  sometimes  active — when  it  is  often 
called  a  “  nymph.” 

Pygal  (Gr.  page,  the  rump).  Connected  with  the  hinder  end  of  the  trunk. 
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Pygidium  (Gr.  pugidion,  dim.  of  puge).  The  anchylosed  somites  wliicli  form 
tlie  caudal  shield  of  certain  Crustaceans. 

Pylorus  (Gr.  puloros,  a  gatekeeper).  The  valvular  aperture  between  the 
stomach  and  the  intestine. 

Pyriform  (Lat.  pyrus,  a  pear ;  and  forma,  form).  Pear-shaped. 

Quadrumana  (Lat.  quatuor ,  four  ;  manus,  hand).  Sometimes  used  as  an 
ordinal  designation  for  the  Monkeys. 

Radi  at  a  (Lat.  radius,  a  ray).  Formerly  applied  to  a  large  number  of  animals 
which  are  now  placed  in  separate  sub-kingdoms  (e.g.,  the  Codenterata,  the 
Echinodermata,  the  Infusoria,  &c.). 

Radiolaria  (Lat.  radius,  a  ray).  A  division  of  Protozoa. 

Radius  (Lat.  a  spoke  or  ray).  The  innermost  of  the  two  bones  of  the  fore¬ 
arm  of  the  higher  Vertebrates. 

Radula  (Lat.  radida,  a  scraping -iron).  The  toothed  lingual  strap  or 

“tongue”  of  the  Gastropods,  Pteropods,  and  Cephalopods. 

Ramus  (Lat.  a  branch).  Applied  in  a  general  sense  to  a  branch-like  division 
of  any  structure.  Each  half  of  the  mandible  of  Vertebrates  is  the  “  ramus.” 

Raptores  (Lat.  rapto,  I  plunder).  The  Birds  of  Prey. 

Rasores  (Lat.  rado,  I  scratch).  A  name  formerly  given  to  the  Gallinaceous 
Birds. 

Ratit.e  (Lat.  ratis,  a  raft).  The  sub-class  of  Birds  comprising  the  Ostrich, 
&c.  So  called  from  the  raft-like  form  of  the  sternum. 

Rectrices  (Lat.  rectrix,  a  directress).  The  quill-feathers  of  the  tail  of 
Birds. 

Rectum  (Lat.  rectus,  straight).  The  terminal  portion  of  the  intestinal  canal. 

Remiges  (Lat.  renicx,  a  rower).  The  quill-feathers  of  the  wing  of  Birds. 

Reptilia  (Lat.  repto,  I  crawl).  The  class  of  the  Vertebrata  comprising  the 
Tortoises,  Snakes,  Lizards,  Crocodiles,  &c. 

Reticularia  or  Reticulosa  (Lat.  reticulum,  a  net).  A  designation  for  those 
Protozoa,  such  as  the  Foraminifera,  in  which  the  pseudopodia  run  into  one 
another  and  form  a  network. 

Reticulum  (Lat.  a  net).  The  second  division  of  the  complex  stomach  of 
Ruminants,  often  called  the  “honeycomb-bag.” 

Reversed.  Applied  to  spiral  Univalves,  in  which  the  direction  of  the  spiral 
is  the  reverse  of  the  normal — i.e.,  sinistral. 

Rhabdophora  (Gr.  rhabdos,  a  rod  ;  and  phero,  I  carry).  Employed  by  Prof. 
Allman  as  a  name  for  the  Graptolites,  in  consequence  of  their  commonly 
possessing  a  chitinous  rod  or  axis  supporting  the  perisarc. 

Rhizophaga  (Gr.  rhiza,  root ;  phago,  I  eat).  A  group  of  the  Marsupials. 

Rhizopoda  (Gr.  rhiza,  a  root ;  and  pous,  foot).  The  division  of  Protozoa  com¬ 
prising  all  those  which  are  capable  of  emitting  pseudopodia. 

Rhopalocera  (Gr.  rliopalon,  club  ;  keros,  horn).  A  name  given  to  .the  But¬ 
terflies  among  the  Lepidoptera  in  allusion  to  the  fact  that  the  antenna}  are 
clubbed  at  the  end. 

Rodentia  (Lat.  rodo,  I  gnaw).  An  order  of  the  Mammals  ;  often  called  Glires 
(Lat.  glis,  a  dormouse). 

Rostrum  (Lat.  rostrum,  beak).  The  “beak”  or  suctorial  organ  formed  by 
the  appendages  of  the  mouth  in  certain  insects.  A  snout-like  projection  of 
any  kind. 

Rotatoria  (=Rotifera). 

Rotifera  (Lat.  rota,  wheel ;  and  fero,  I  carry).  A  class  of  the  Scolecida 
characterised  by  a  ciliated  “trochal  disc.” 

Rugosa  ( Lat.  rugosus,  wrinkled).  An  order  of  Corals. 

Rumen  (Lat.  the  throat).  The  first  cavity  of  the  complex  stomach  of  Rumi¬ 
nants  ;  often  called  the  “paunch.” 

Ruminantia  (Lat.  ruminor,  I  chew  the  cud).  The  group  of  Hoofed  Quadru¬ 
peds  ( Ungulata )  which  “ruminate”  or  chew  the  cud. 

Sacrum  (Lat.  os  sacrum,  the  sacred  bone).  The  vertebrae  (usually  anchylosed) 
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with  which  the  pelvic  arches  unite.  Sometimes  there  is  only  a  single  sacral 
vertebra. 

Sand-canal  (=  Stone-canal).  A  tube  connected  with  the  circular  ring  of 
the  ambulacral  system  in  the  Ecliinoderms,  and  usually  communicating 
with  the  exterior  by  the  madreporite. 

SaRCode  (Gr.  sarx ,  flesh  ;  eidos,  form).  A  name  often  used  to  designate  the 
protoplasmic  substance  of  which  the  bodies  of  the  1‘roiozoa  are  made  up. 

Sarcodina.  Employed  by  Biitschli  as  a  general  term  to  include  the  Monera, 
Anwibea,  Foraminifera,  Radiolaria ,  and  lleliozoa. 

Sauria  (Gr.  saura,  a  lizard).  Any  lizard-like  Reptile  is  often  spoken  of  as 
a  “Saurian,”  but  the  term  is  sometimes  restricted  to  the  Crocodiles  and 
Lizards.  . 

Sauropsida  (Gr.  saura  ;  and  ops  is,  appearance).  The  name  given  by  Huxley 
to  the  two  classes  of  the  Birds  and  Reptiles  collectively. 

Sauropterygia  (Gr.  saura;  pterux,  wing).  An  extinct  order  of  Reptiles, 
called  by  Huxley  Plesiosauria,  from  the  typical  genus  Plesiosaurus. 

Sacrcr.e  (Gr.  saura;  oura,  tail).  The  extinct  order  of  Birds  comprising 
only  the  .1  rchmopteryx. 

Scansores  (Lat.  scando,  I  climb).  A  term  often  employed  in  an  ordinal  sense 
to  indicate  the  Parrots,  Woodpeckers,  &c.,  in  which  the  foot  is  specially 
adapted  for  climbing.  .  . 

Scaphognathite  (Gr.  skaphos,  boat  ;  and  gnathos,  jaw).  The  boat-shaped 
appendage  (epipodite)  of  the  second  pair  of  maxillse  in  the  Lobstei,  the 
function  of  which  is  to  spoon  out  the  water  from  the  branchial  chamber. 

Scapula  (Lat.  for  shoulder-blade).  The  shoulder-blade  ot  the  pectoral  arch  of 


Vertebrates.  .  . 

Sclerenchyma  (Gr.  skleros,  hard  ;  and  enchuma,  tissue).  The  calcareous 

tissue  of  which  a  coral  is  composed.  _  ,  .  ,, 

Sclerites  (Gr.  skleros).  The  calcareous  spicules  which  are  scattered  111  the 
soft  tissues  of  certain  Actinozoa. 

Sclerobasic  (Gr.  skleros,  hard ;  basis,  pedestal).  Applied  to  the  corallum 
which  is  produced  by  the  ccenosarc  in  certain  Actinozoa  (e.g.,  Red  Coral), 
and  which  forms  a  solid  axis  which  is  invested  by  the  soft  parts  ot  the  ani¬ 
mal.  It  is  called  “  foot-secretion  ”  by  Dana. 

Sclerodermic  (Gr.  skleros  ;  and  derma,  skin).  Applied  to  the  corallum  which 
is  deposited  between  the  tissues  of  certain  Actinozoa,  and  is  called  tissue- 
secretion  ”  by  Dana. 

Sclerotic  (Gr.  skleros,  hard).  The  outer  dense  fibrous  coat  ot  the  eye. 
Scolecida  (Gr.  skolex,  worm).  A  division  of  the  Annulosa,  including  t  e 
Entozoa ,  Rotifera,  &c. 

Scolex  (Gr.  skolex).  A11  embryonic  stage  of  a  Tape-worm,  formerly  known 

as  a  “  Cystic  worm.”  .  ,  .  . 

Scuta  (Lat.  scutum,  a  shield).  Applied  to  any  shield-like  plates  ;  especially 
to  those  which  are  developed  in  the  integument  of  many  Reptiles. 

Selachia  or  Selachii  (Gr.  sela.chos,  a  cartilaginous  fish,  probably  a  shark). 

The  sub-order  of  Elasmobranchii  comprising  the  Sharks  and  Dog-fishes. 
SepiOSTAIRE.  The  internal  shell  of  the  Sepia,  commonly  known  as  the 
“  cuttle-bone.” 

Septa.  Partitions. 

Serpentikorm.  Resembling  a  serpent  in  shape. 

Sertularida  (Lat.  sertum,  a  wreath).  An  order  of  lt 

Sesamoid  (Gr.  sesamon,  the  seed  ot  the  Sesamum  ;  eidos,  )•  ■  , 

moid”  bone  is  an  ossification  formed  in  the  tendon  ot  a  muscle,  and  not 

S e s s  1  l K^' Lab's edeo f  l°sit).  Not  supported  upon  a  stalk  or  peduncle  ;  attached 


by  a  base/  ,  . 

Setai  (Lat.  bristles).  Bristles,  or  long  stiff  hairs 
Setiperous.  Supporting  bristles. 

Setigerous  (  =  Setiferous). 

Setose.  Bristly.  ,  -  a.  , 

Siliceous  (Lat.  silex,  flint).  Composed  ol  flint. 


90S 


GLOSSARY. 


SlNlSTRAL  (Lat.  sinistra,  the  left  hand).  Left-handed  ;  applied  to  the  direc¬ 
tion  of  the  spiral  in  certain  shells,  which  are  said  to  be  “  reversed.” 

Sinus  (Lat.  sinus,  a  bay).  A  dilated  vein  or  blood-receptacle.  An  indenta¬ 
tion  or  curvature  of  a  line,  &c. 

Siphon  ((Jr.  siphon,  a  tube).  Applied  to  the  respiratory  tubes  in  the  Mol- 
lusca  ;  also  to  other  tubes  of  different  functions. 

Siphonophora  (Gr.  siphon  ;  and  phero,  I  carry).  A  division  of  the  Hydrozoa, 
comprising  the  Oceanic  forms  (Calycoplioridce  and  Physophoridce). 

Siphonostomata  (Gr.  siphon  ;  and  stoma,  mouth).  The  division  of  Gastropo- 
dous  Molluscs,  in  which  the  aperture  of  the  shell  is  not  “entire,”  but 
possesses  a  notch  or  tube  for  the  emission  of  the  respiratory  siphon. 

Siphuncle  (Lat.  siphunculus,  a  little  tube).  The  tube  which  connects  together 
the  various  chambers  of  the  shell  of  certain  Cephalopoda  (e.g.,  the  Pearly 
Nautilus). 

Sipunculoidea  (Lat.  siphunculus,  a  little  siphon).  A  name  sometimes  given 
to  the  Gephyrea. 

Sirenia  (Gr.  seiren,  a  mermaid).  The  order  of  Mammalia  comprising  the 
Dugongs  and  Manatees. 

Solidungula  (Lat.  solidus,  solid ;  ungula,  a  hoof).  The  group  of  Hoofed 
Quadrupeds,  comprising  the  Horse,  Ass,  and  Zebra,  in  which  each  foot,  in 
the  living  forms,  has  only  a  single  solid  hoof.  Often  called  Solipedia. 

Somatic  (Gr.  soma,  body).  Connected  with  the  body. 

Somatocyst  (Gr.  soma  ;  and  kustis,  a  cyst).  A  peculiar  cavity  in  the  ccenosarc 
of  the  Calycoplioridce  (Hydrozoa). 

Somite  (Gr.  soma).  A  single  segment  in  the  body  of  an  Articulate  animal. 

Spermarium.  The  testis,  or  organ  in  which  spermatozoa  are  produced. 

SpeRmatofhores  (Gr.  sperma,  seed  ;  phero,  I  carry).  The  variously  shaped 
packages  or  capsules  in  which  the  spermatozoa  are  aggregated  or  enclosed  in 
many  Invertebrate  animals. 

Spermatozoa  (Gr.  sperma,  seed ;  and  zoiln,  animal).  The  microscopic  fila¬ 
ments  which  form  the  essential  generative  element  of  the  male. 

SpHjEridia  (Gr.  spliairidion,  a  little  ball  or  sphere).  Minute,  stalked  appen¬ 
dages,  with  button-shaped  heads,  carried  by  most  living  Sea-urchins,  and 
supposed  to  be  organs  of  sense. 

Spicula  (Lat.  spicutum,  a  point).  Pointed,  needle-shaped  bodies. 

Spinnerets.  The  organs  by  means  of  which  Spiders  and  Caterpillars  spin 
threads. 

Spiracles  (Lat.  spiro,  I  breathe).  The  breathing-pores  or  apertures  of  the 
breathing-tubes  (trachea*)  of  Insects.  Also  the"  single  nostril  of  the  Hag- 
fislies,  the  “blow-hole”  of  Cetaceans,  &c. 

Splanchnoskeleton  (Gr.  splagchna,  viscera  ;  skeletos,  dry).  The  hard  struc¬ 
tures  occasionally  developed  in  connection  with  the  internal  organs  or  viscera. 

Spongida  (Gr.  spoyyos,  a  sponge).  The  Sponges. 

Spores  (Gr.  spora,  seed).  Germs,  usually  of  plants;  in  a  restricted  sense, 
the  reproductive  “  gemmules  ”  of  certain  sponges. 

Sporosacs  (Gr.  spora,  seed  ;  and  sakkos,  a  bag).  The  simple  generative  buds 
of  certain  Hydrozoa,  in  which  the  medusoid  structure  is  not  developed. 

Squamata  (Lat.  squama,  a  scale).  The  division  of  reptiles  comprising  the 
Ophidia  and  Lacertilia,  in  which  the  integument  develops  horny  scales,  but 
there  are  no  dermal  ossifications. 

Statoblasts  (Gr.  states,  stationary;  blastos,  bud).  Certain  reproductive  buds 
developed  in  the  interior  of  Polyzoa,  but  not  liberated  until  the  death  of  the 
parent  organism. 

Steoanophthalmata  (Gr.  steganos,  covered  ;  and  ophthalmos,  the  eye).  Ap¬ 
plied  by  Edward  Forbes  to  the  Aeraspedote  Medusa,  in  which  the  sense- 
organs  (“ marginal  bodies”)  are  concealed  from  view.  , 

Stellerida  (Lat.  stella,  a  star).  Sometimes  used  to  designate  the  order  of 
the  Star- fishes,  or  as  a  collective  name  for  the  Asteroids  and  Ophiuroids. 

Stelliporm.  Star-shaped. 

Stemmata  (Gr.  stemma,  garland).  The  simple  eyes,  or  ‘  ocelli,”  of  certain 
animals,  such  as  Insects,  Spiders,  and  Crustacea. 
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Sternum  (Gr.  sternon).  The  breast-bone.  By  analogy,  the  inferior  arch  of  the 
segment  of  an  Arthropod. 

Stigmata.  The  breathing-pores  in  Insects,  Myriopods ,  and  Arachnida. 

Stolon  (Gr.  stolos,  a  sending  forth).  Offshoots. — The  connecting-processes  of 
sarcode  in  Foraminifera  ;  the  connecting-tube  in  the  social  Ascidians  ;  the 
processes  sent  out  by  the  copnosarc  of  certain  Actinozoa. 

Stomatodf.  (Gr.  stoma,  mouth).  Possessing  a  mouth. 

Stomatopoda  (Gr.  stoma,  mouth ;  podes,  feet).  The  order  of  Crustaceans 
comprising  the  Locust-shrimps. 

Stkepsiptera  (Gr.  streplio,  I  twist ;  pteron,  wing).  An  order  of  Insects  in 
which  the  anterior  wings  are  represented  by  twisted  rudiments. 

Strepsirhina  (Gr.  streplio,  1  twist ;  rhines,  nostrils).  A  name  given  by  Owen 
to  the  Lemurs  and  their  allies  (Lemur oitlea),  on  account  of  their  twisted 
nostrils. 

Strobila  (Gr.  strobilos,  a  top,  or  fir-cone).  The  adult  Tape-worm,  with  its 
generative  segments  or  proglottides  ;  also  applied  to  one  ol  the  stages  in  the 
life-history  of  the  Lucernarida. 

Styliform  (Lat.  stylus,  a  pointed  instrument ;  forma,  form).  Pointed  in 
shape. 

Sub-calcareous.  Somewhat  calcareous. 

Sub-central.  Nearly  central,  but  not  quite. 

Sub-pedunculate.  Supported  upon  a  very  short  stem. 

Sub-sessile.  Nearly  sessile,  or  almost  without  a  stalk. 

Supination  (Lat.  supinus,  lying  with  the  face  upwards).  The  act  of  turning 
the  hand  with  the  palm  upwards. 

Suture  (Lat.  suo,  I  sew).  The  line  of  junction  of  two  parts  which  are  im¬ 
movably  connected  together.  Applied  to  the  line  where  the  whorls  of  a 
univalve  shell  join  one  another;  also  to  the  lines  made  upon  the  extenoi  of 
the  shell  of  a  chambered  C'ephalopod  by  the  margins  of  the  septa. 

Swimmerets.  The  limbs  of  Crustacea  which  are  adapted  tor  swimming. 

Symphysis  (Gr.  sumphusis,  a  growing  together).  Union  of  two  bones  in  which 
there  is  no  motion,  or  but  a  very  limited  amount. 

Synapticul./e  (Gr.  sunapto,  I  fasten  together).  Transverse  props  sometimes 
found  in  corals,  extending  across  the  loculi  like  the  bars  of  a  grate. 

Synthetic  (Gr.  sun,  together  ;  tilhemi,  I  place).  An  animal  is  said  to  lie  a 
“synthetic  type”  when  it  combines  in  itself  the  structural  characters  ot  two 
different  groups. 

Syrinx  (Gr.  surigx,  a  pipe).  The  lower  larynx  of  Birds. 

SYSTOLfi  (Gr.  sustetio,  I  contract).  Applied  to  the  contraction  of  any  contrac¬ 
tile  cavity,  especially  the  heart. 


Tabulje  (Lat.  tabula,  a  tablet).  Horizontal  plates  or  floors  found  in  some 
Corals,  extending  across  the  cavity  of  the  “theca  ”  from  side  to  side. 
TACTlLE  fLat.  tango,  I  touch).  Connected  with  the  sense  of  touch. 

T.kniada  (Gr.  tainia,  a  ribbon).  The  division  of  Scolecida  comprising  the 


'  fnioid  (Gr.  tainia;  and  eidos,  form).  Ribbon-shaped,  like  a  Tape-worm. 
Arso-meta tarsus.  The  single  bone  in  the  leg  of  Birds  produced  by  the 
union  and  anchylosis  of  the  lower  or  distal  portion  ot  the  tarsus  with  the 
second  third,  nnd  fourth  mctritiiiscils.  .  .  „  .. 

ahsus  (Gr.  tarsos,  the  flat  of  the  foot).  The  small  bones  which  form  the 
ankle  (or  “instep”  of  man),  and  which  correspond  with  the  wrist  (carpus) 

of  the  anterior  limb.  ,  _  ,  ,.  .  »  division 

ECTIBRANCHIATA  (Lat.  tcclus,  covered;  and  Gr.  bragchia,  gills).  A  division 
of  Opisthobranchiate  Gastropoda  in  which  the  gills  are  protected  by  the 

egumentary  (Lat.  tegumentuin,  a  covering).  Connected  with  the  integument 

'eleostei  (Gr.  leleios,  perfect;  osteon,  bone).  The  order  of  the  “Bony” 

'ELSON S(Gr.  a  limit).  The  last  joint  in  the  abdomen  of  Crustacea:  van- 
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ously  regarded  as  a  segment  without  appendages,  or  as  an  azygous  ap¬ 
pendage. 

Tenuirostral  (Lat.  tenuis,  slender ;  rostrum,  beak).  Applied  to  the  long, 
slender,  and  pointed  beak  of  such  birds  as  Humming-birds. 

Tergal  (Lat.  tergum,  back).  Situated  on,  or  belonging  to,  the  back. 

Tergum  (Lat.  for  back).  The  dorsal  arc  of  the  somite  of  an  Arthropod. 

Terricola  (Lat.  terra,  earth  ;  and  colo,  I  inhabit).  Employed  occasionally  to 
designate  the  Earth-worms  (Lumbricidce). 

Test  (Lat.  testa,  shell).  The  shell  of  Mollusca,  which  are  for  this  reason 
sometimes  called  “  Testacea’’  ;  also,  the  calcareous  case  of  Echinoderms ; 
also,  the  thick  leathery  outer  tunic  in  the  Tunicata ;  also  the  shell  of  the 
Foraminifera. 

Testaceous.  Provided  with  a  shell  or  hard  covering. 

Testis  (Lat.  testis,  the  testicle).  The  organ  in  the  male  animal  which  pro¬ 
duces  the  generative  elements  (spermatozoa). 

Tetrabranchiata  (Gr.  tetra,  four  ;  bragehia,  gills).  The  order  of  Cephalopoda 
characterised  by  the  possession  of  four  gills. 

Thalassicollida  (Gr.  thalassa,  sea  ;  holla,  glue).  A  division  of  Radiolaria. 

Theca  (Gr.  theke,  a  sheath).  A  sheath  or  receptacle. 

Thecodont  (Gr.  theke,  a  sheath ;  odous,  tooth).  Applied  to  that  form  of 
dentition  in  which  the  teeth  are  sunk  in  distinct  sockets  in  the  jaw. 

Thecosomata  (Gr.  theke,  a  case  ;  soma,  bod}').  The  division  of  Pteropods  in 
which  the  body  is  protected  by  an  external  shell. 

Thorax  (Gr.  thorax,  the  breast,  or  a  breast-plate).  In  the  higher  animals,  the 
thorax  is  the  region  of  the  body  which  intervenes  between  the  abdomen  and 
the  head. 

Thread-cells.  (See  Cnidae.) 

Thysanura  (Gr.  thusanoi,  fringes  ;  and  our  a,  tail).  An  order  of  Apterous 
Insects. 

Tibia  (Lat.  a  flute).  The  shin-bone,  being  the  innermost  of  the  two  bones  of 
the  leg,  and  corresponding  with  the  radius  in  the  anterior  extremity. 

Totipalmatje  (Lat.  totus,  whole  ;  palma,  the  palm  of  the  hand).  A  group  of 
Swimming  Birds  in  which  the  hallux  is  united  to  the  other  toes  by  mem¬ 
brane,  so  that  the  feet  are  completely  webbed. 

Toxodontia  (Gr.  toxon,  bow  ;  odous,  tooth).  An  extinct  order  of  Mammals. 

Trachea  (Gr.  tracheia,  the  rough  windpipe).  The  tube  which  conveys  air  to 
the  lungs  in  the  air-breathing  Vertebrates. 

Tracheae.  The  breathing-tubes  of  Insects  and  other  Articulate  animals. 

Trachearia.  The  division  of  Arachnida  which  breathe  by  means  of 
tracheae. 

Trematoda  (Gr.  trema,  a  pore).  An  order  of  Scolecida. 

Trichocysts  (Gr.  thrix,  hair ;  and  kustis,  a  cyst).  Peculiar  rod-like  bodies 
found  in  certain  Infusoria,  and  presenting  certain  likenesses  to  the  “thread- 
cells  ”  of  Coelenterata. 

Trilobita  (Gr.  treis,  three  ;  lobos,  a  lobe).  An  extinct  order  of  Crustacea. 

Tritozooid  (Gr.  tritos,  third;  zoom,  animal;  and  eidos,  form).  The  zodid 
produced  by  a  deuterozodid — that  is  to  say,  a  zodid  of  the  third  generation. 

Trochal  (Gr.  trochos,  a  wheel).  Wheel-shaped ;  applied  to  the  ciliated  disc 
of  the  Rotifera. 

Trochanter  (Gr.  trecho,  I  run).  A  process  of  the  upper  part  of  the  thigh¬ 
bone  (femur)  to  which  are  attached  the  muscles  which  rotate  the  limb. 
There  may  be  two,  or  even  three,  trochanters  present.  In  Insects  the  second 
joint  of  the  leg  is  called  the  trochanter. 

Trochoid  (Gr.  trochos,  a  wheel ;  and  eidos,  form).  Conical  with  a  flat  base; 
applied  to  the  shells  of  Foraminifera  and  Univalve  Molluscs. 

Trocho.sitiere.  A  form  of  larva  seen  in  Rotifers,  Molluscs,  many  Worms,  &c., 
in  which  there  is  a  circlet  of  long  cilia  in  front  of  the  mouth,  and  often  one 
or  more  post-oral  rings  of  shorter  cilia. 

Trophi  (Gr.  trophos,  a  nourisher).  The  parts  of  the  mouths  in  Insects  which 
are  concerned  in  the  acquisition  and  preparation  of  food.  Often  called 
“ instrumenta  cibaria.” 
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Trophosome  (Gr.  trepho,  I  nourish ;  ancl  soma,  body).  Applied  collectively 
to  the  assemblage  of  the  nutritive  zooids  of  any  Hydrozooii. 

Truncated  (Lat.  trunco,  I  shorten).  Abruptly  cut  off;  applied  to  univalve 
shells,  the  apex  of  which  breaks  off,  so  that  the  shell  becomes  “decollated.” 

Tubicola  (Lat.  tuba,  a  tube  ;  and  colo,  1  inhabit).  The  group  of  Chsetopod 
Annelides  in  which  the  animals  construct  a  tubular  case  in  which  they  pro¬ 
tect  tliemselves. 

Tubicolous.  Inhabiting  a  tube. 

Tijnicata  (Lat.  tunica,  a  cloak).  The  Ascidians  or  “Sea-squirts,”  so  called 
from  their  possession  of  a  leathery  external  case  or  “  test.” 

Turbellaria  (Lat.  turbo,  I  disturb).  An  order  of  Scolecida. 

Turbinated  (Lat.  turbo,  a  top).  Top-shaped  ;  conical  with  a  round  base. 


Ulna  (Gr.  olene,  the  elbow).  The  outermost  of  the  two  bones  of  the  fore-arm, 
corresponding  with  the  fibula  of  the  hind-limb. 

Umbellate  (Lat.  nmbella,  a  parasol).  Forming  an  umbel— i.e.,  a  number  of 
nearly  equal  radii  all  proceeding  from  one  point. 

Umbilicus  (Lat.  for  navel).  The  aperture  seen  at  the  base  of  the  axis  of 
certain  univalve  shells,  which  are  then  said  to  be  “perforated’  or  “um- 
bilicated.”  The  navel. 

Umbo  (Lat.  the  boss  of  a  shield).  The  beak  of  a  bivalve  shell. 

Umbrella.  The  contractile  disc  of  one  of  the  Acraspedote  Medusas. 

Uncinate  (Lat.  uncinus,  a  hook).  Provided  with  hooks  or  bent  spines. 

Unguiculate  (Lat.  unguis,  nail).  Furnished  with  claws. 

Ungulata  (Lat.  ungula,  hoof).  The  order  of  Mammals  comprising  the 
Hoofed  Quadrupeds. 

Ungulate.  Furnished  with  expanded  nails  constituting  hoofs. 

Unilocular  (Lat.  unus,  one  ;  and  loculus,  a  little  purse).  Possessing  a  single 
cavity  or  chamber.  Applied  to  the  shells  of  l ovaminij era  and  Mollusca. 

Univalve  (Lat.  unus,  one  ;  valvce,  folding-doors).  A  shell  composed  of  a 
single  piece  or  valve. 

Urodela  (Gr.  oura,  tail ;  delos,  visible).  The  order  of  the  tailed  Amphibians 
(Newts,  &c.) 

U  hostile  (Gr.  oura,  tail ;  stulos,  pillar).  The  long  spine  formed  by  ossifica¬ 
tion  of  the  sheath  of  the  hinder  end  of  the  notochord  in  many  releostean 
Fishes.  Also  the  elongated  “  coccyx  ”  of  the  Anourous  Amphibians. 

Urticating-cells  (Lat.  urtica,  a  nettle).  (See  Cnidse.) 


Vacuoles  (Lat.  vacuus,  empty).  The  little  clear  spaces  which  are  seen  in  the 
protoplasm  of  the  Protozoa  generally,  and  which  are  for  the  most  part  merely 
temporary.  When  these  spaces  are  formed  round  particles  ot  ingested  food, 
they  are  called  “food- vacuoles.” 

Varices  (Lat.  varix,  a  dilated  vein).  The  ridges  or  spinose  lines  which  mark 
the  former  position  of  the  mouth  in  certain  univalve  shells. 

Vascular  (Lat.  vas,  a  vessel).  Connected  with  the  circulatory  system. 
Veligeii  (Lat.  velum,  a  sail ;  geru,  I  carry).  A  name  applied  to  the  larvae  ot 
many  of  the  Molluscs,  on  account  of  their  possessing  ciliated  lappets  forming 

a  “  velum.”  .  .  .. 

Velum  (Lat.  a  sail).  The  membrane  which  surrounds  and  partially  closes  ttie 
mouth  of  the  “disc”  of  the  Craspedote  Medusa  or  ot  medusitorm  gono- 

phores.  ....  ,.  . 

Ventral  (Lat.  venter,  the  stomach).  Relating  to  the  inferior  surface  ot  the 

Ventricle  (Lat.  dim.  of  venter,  stomach).  Applied  to  one  of  the  cavities  ot 
the  heart,  which  receives  blood  from  the  auricle.  ,  , 

Vermes  (Lat.  vermis,  a  worm).  Sometimes  employed  at  the  present  day  as  a 
common  term  for  the  Scolecids  and  the  Anarthropoda. 

Vermiform  (Lat.  vermis,  worm  ;  and  forma,  form).  Worm-like. 

Vertebra  (Lat.  verto,  I  turn).  One  of  the  bony  or  cartilaginous  segments  ot 

the  vertebral  column  or  backbone.  ,  .  .  . 

Vertebrata  (Lat.  vertebra ,  a  bone  of  the  back,  from  vert  ere,  to  1 1  ). 
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division  of  the  Animal  Kingdom  roughly  characterised  hy  the  possession  of 
a  backbone. 

Vesicle  (Lat.  vesica,  a  bladder).  A  little  sac  or  cyst. 

\  IBRACULA  (Lat.  vibro,  I  shake).  Long  filamentous  appendages  found  in  many 
Polyzoa. 

Vipkrina  (Lat.  vipera,  a  viper).  A  group  of  the  Snakes. 

Vitreous  (Lat.  vitrum,  glass).-  Glassy,  transparent.  The  “vitreous”  sponges 
are  those  with  a  skeleton  of  flint. 

Viviparous  (Lat.  vivus,  alive;  and  pario,  I  bring  forth).  Bringing  forth 
young  alive. 

Whorl.  The  spiral  turn  of  a  univalve  shell. 

X [Phi sternum  (Gr.  xiphos,  sword  ;  sternon,  breast-bone).  The  inferior  or 
posterior  segment  of  the  sternum,  corresponding  with  the  “xiphoid  carti¬ 
lage  ”  of  human  anatomy. 

XiPHOSURA  (Gr.  xiphos,  a  sword  ;  and  oura,  tail).  An  order  of  Crustacea, 
comprising  the  Limuli  or  King-crabs,  characterised  by  their  long  sword¬ 
like  tails. 

Xylophauous  (Gr.  xulon,  wood;  and pliayo,  I  eat).  Eating  wood,  applied  to 
certain  Mollusca. 

Zeuglodontid.e  (Gr.  zeugle,  a  yoke  ;  odous,  a  tooth).  An  extinct  family  of 
Cetaceans,  in  which  the  molar  teeth  are  two-fanged,  and  look  as  if  composed 
of  two  parts  united  by  a  neck. 

Zocecium  (Gr.  zobn,  animal;  oikos,  house).  The  “cell  ”  or  chamber  in  which 
the  polypide  of  a  Polyzoou  is  contained. 

Zooid  (Gr.  zobn,  animal :  and  eidos,  like).  The  more  or  less  completely  inde¬ 
pendent  organisms  produced  by  gemmation  or  fission,  whether  these  remain 
attached  to  one  another  or  are  detached  and  set  free. 

Zoophyte  (Gr.  zobn ,  animal ;  phuton,  plant).  Loosely  applied  to  many  plant¬ 
like  animals,  such  as  Sponges,  Corals,  Sea-anemones,  Sea-mats,  &e. 

Zoospores  (Gr.  zobn,  animal ;  and  spora,  seed).  The  ciliated  locomotive 
germs  of  some  of  the  lowest  forms  of  plants  ( Protophyta ). 
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Aardvark,  752. 

Aardwolf,  S31. 

Abdominalia  ( Cirnpedia ),  335;  (Fishes), 
564. 

A  biogenesis,  12. 

A  by  la,  155. 

Acalephce •,  14S. 

Acanthias,  578. 

A  canthocephala,  283. 

Acanthocystis ,  95. 

A  canthometra ,  90. 

A  cant homet rina,  90. 

Acanth o j)h  is,  028. 

Acanthoptcri,  565. 

A  can th opto rygii ,  56  1 . 

Acarida ,  373. 

A  car  ina,  372. 

Accentor,  702. 

Accipitrrs,  685,  710. 

A ccphala  (Molluscs),  449,  457. 
Aceratherium ,  771,  772. 

A  diet idic,  409. 

Achtheres,  341. 

Aciculidce,  474. 

Acineta,  101. 

A  cipenser,  571. 

A  cipenser  idee,  571. 

Acontia,  179. 

Acorn-shells,  330,  333. 

Acraniata ,  554. 

Acraspeda,  160. 

Acridiidce ,  409. 

Actinia ,  175,  176,  177,  178,  179,  181. 
Actinomeres,  206. 

Actinomet ra,  242,  249. 

Actinophrys,  93,  94. 

Actinosoma,  177. 

A  c?  / nospheerium ,  94. 

Actinostrorna,  174. 

Actinotrocha ,  298. 

Actinozoa,  12S;  characters  of,  174;  divi¬ 
sions  of,  177. 

Aculeate  IJymenoptera,  419. 

Adamsia,  178. 

A  delarthrosomata ,  375. 

Adjutant,  691. 

^Eg  in  idee,  152. 

_  7v/ ;  /* A  ognatli <e,  659. 
jEluridat,  820,  823. 

.Eluroidea,  820,  829. 

.Eluropus,  823. 

.Elams,  823. 

.Eolidce,  472. 


-  Epyornis ,  684. 

-  Epyornithidce ,  6S4. 

/Estivation,  11. 

Agama,  636. 

A  gam  idee,  635. 

Aglossa,  602. 

A glyphodonta,  62S. 

Agouti,  843. 

Ai,  750. 

Air-bladder  of  Fishes,  551. 

Air-receptacles  of  Birds,  669. 

Alauda,  704. 

A  la  ud idie,  703. 

Albatross,  688. 

A  lea,  687. 

Alcedi nidr.e,  705. 

A  Ice d ino idecB,  705. 

A  Ice  do,  705. 

A  Ices,  796. 

A  Icidce,  687. 

Alcippe ,  335. 

Alcyonaria ,  177  ;  characters  and  divisions 
of,  197. 

A  Icyonidiv,  198. 

A  Icyonidium,  433. 

A  Icyonium,  198. 

Allantoidea ,  530. 

Allantois,  530. 

Alligator,  641,  642. 

A  lligatoridir,  641. 

Alpaca,  791,  792 
A  mblystoma,  6u0. 

Ambulacral  system  (Echinodcrmata),  217  ; 
of  Echinoidea,  224;  of  Star-fishes,  233; 
of  Ophiuroids,  237  ;  of  Crinoids,  243; 
of  Holothuroids,  256. 

A  meioidee,  634. 

American  Cuckoos,  705. 

American  Vultures,  713. 

Ametabolic  Insects,  399,  402,  403. 

Ainia ,  568,  569,  570,  571,  572. 

A  mmoca  tes ,  560. 

A  mmodytes,  565. 

Ammonites ,  497,  500. 

A  mmonitidie,  496,  497,  499,  500. 

Amnion,  530. 

Ainniota,  530. 

A  moeba,  73,  74,  75,  76. 

Amcebea,  68,  72,  73,  77. 

Aincebina ,  77. 

Amo)  ph  iiia.  118 

Amphibia,  529,  531  ;  general  characters  of, 
586  :  development  of,  593 ;  orders  of,  506. 
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AmphiccBlian  Crocodiles,  040. 

A  mphicyon,  816. 

Ampliidiscs,  114. 

Ampliilestes,  731. 

A  mphimoschus,  796. 

A  mphioxus,  549,  550,  554. 

Amphipoda,  330  :  characters  of,  352. 
Amphisbcena,  631,  632. 

A  mphisbcenidce,  632. 

A  mphitherium,  747. 

A  mphitragulus,  793. 

.4  mphiuma,  591,  59S,  599. 

AmpuUaria,  469,  475. 

A  mynodon,  772. 

Anacanthini,  564. 

Anaconda,  629. 

Anallantoidea,  530. 

Analogy  of  organs,  29. 

Anamniotci,  530. 

Anarrhicas,  566. 

Anarthropoda,  264;  characters  of,  295. 
Anas ,  690. 

Anatidce,  690. 

Anatinidce,  461. 

Anaulocidaris,  229. 

Anchitherium,  778. 

Anchomcephala,  329,  330. 

A  ncistrodon,  627. 

Ancyloceras,  497,  49S. 

Ancylotherium,  754. 

Ancylus,  475. 

Andrias,  599. 

Anclasma,  335. 

Angiostomata,  629. 

Angler,  566. 

A  nguilla ,  564. 

Anguillula,  2S9. 

Anguillulidcv,  2S9. 

Anguis,  631,  633. 

Animals  and  Plants,  differences  between, 
19. 

A  nnelida,  295  ;  general  characters  of, 
298  :  orders  of,  301. 

Annulata  (see  Annelida). 

Annuloida,  214. 

A  nnulosa,  characters  and  divisions  of,  263. 
Anomia,  45S,  460. 

A  nomodont  ia,  044. 

Anomura ,  359,  361. 

A  noplotheridce,  785. 

A  noplotherium,  785,  7S6. 

Anoplura,  403. 

Anoura,  596;  characters  of,  601  ;  families 
of,  602. 

Anser,  690. 

A  meres,  6S9. 

A  Hue  rid  tv,  690. 

Ant-eaters,  748,  750,  751. 

A  ntcdon,  240,  249. 

Antelopes,  797,  70S. 

A  lUcnimlaria,  145. 

Ant  India,  199. 

A  tit h  rapid (V,  871. 

Anthropoid  Apes,  S67. 

A  nth  ropoides ,  694. 

A nthropomorpha,  866,  867. 

A  ntlnix,  703. 

Antilocapra,  797,  79S. 

.1  lit ilopidne,  797. 

A  ntipathes,  182. 

Antipathidce,  1S2. 

Ant-lion,  410. 


Antrostomus,  705. 

Ants,  418,  419,  420. 

Ant-thrushes,  704. 

Apatornis,  680. 

Apes,  S63,  S67. 

Aphaniptera,  412,  413. 

Aphides,  406;  parthenogenesis  of,  53. 
Aphis-lion,  410. 

Aphrocallistes,  122. 

Aphrodite,  315. 

Apidce,  419. 

Apiocrinidce,  250. 

Apiocrinus,  245,  250. 

Apis,  419. 

Aplaeental  Mammals,  731. 

Apiysiadce,  472. 

Apneumona  (llolothuroidea),  25S. 

Apoda  (llolothuroidea),  258;  ( Cirripedia ), 
335 ;  (Fishes),  564. 

Aporosa  (Corals),  189,  194. 
Appendicularia,  505,  508,  510,  511. 
Apsilus,  291. 

Aptenodytes,  6S6. 

Aptera,  403. 

Apteryges,  6S3. 

Apterygidce,  6S3. 

Apteryx,  683,  6S4. 

Apus,  344. 

Aquiferous  system  of  Sponges,  110. 

A  ra,  709. 

A  rachnida,  31S ;  general  characters  of,  366 ; 
distribution  of,  in  time,  370 ;  orders  of, 
370. 

Araneida,  3S0. 

A  read"  ,  454.  460. 

Arcella,  77. 

Arce.llina,  77. 

A  rchceocidaris,  229. 

A  rchatopteryx,  077,  OSS. 

Archaster,  215,  235. 

A  rchegosaurus,  604. 

Architarbiis,  370. 

A  rcli  i tenth  is,  499. 

Arctictis,  831. 

A  ret  i sea,  373. 

Arctocebus,  S60,  S63. 

Arctoidea,  820. 

Arctomys,  S38. 

Arctonyx,  824. 

A  rctopithecini,  863. 

A  returns,  355. 

Ardea,  691. 

Ardeidce,  691. 

Arenicola,  315. 

Argonauta,  4S9,  490 ;  shell  of,  4SS  :  lieeto- 
cotylus  of,  4S6. 

A  rgonautidie,  4S9. 

A  rgulus,  341. 

Aristotle’s  Lantern,  226. 

Ark-shells,  460. 

Armadillo,  356. 

Armadillos,  74s,  749. 

Arms  of  Star-fishes,  231;  of  Ophiuroids, 
236;  of  Criuoids,  248;  of  Coinatula,  242  : 
of  Cystideans,  252 ;  of Brachiopoda,  438  ; 
of  Cuttle-fishes,  4S1  ;  of  Nautilus,  495. 

A  nice,  S00. 

A  rte mia,  345. 

A  rthrogastra,  377. 

A  rUtropiida,  264  ;  characters  and  divisions 
of,  318. 

A  rticulata  (see  Arthropoda). 
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Articulata  (Bracliiopoda),  440,  441. 

A  rtiodaetyla,  770. 

Arvicola,  840. 

Ascalabotce,  635. 

Ascaris,  286,  2S7. 

Ascetta ,  112,  116. 

Ascidians,  503  ;  types  of,  510. 

Aseidiarium,  510. 

Acidiozoijids,  510. 

Ascoceras,  497. 

A  scenes,  123. 

A  sell  us,  356. 

.4  sinus,  777,  77S. 

Asiphonida  ( Lamellibranchiata ),  460. 
Aspidochirotce,  255,  258. 

Aspidophora,  433. 

Aspidorhynchus,  56S. 

Asplanchna,  292,  293. 

Ass,  777,  77S. 

Astacus,  350,  360. 

Astasia,  103. 

Asteracanthiklce,  235. 

Asterias,  235. 

Asterinidie,  235. 

Asteroidea,  218,219;  general  characters 
of,  23u;  families  of,  235;  distribution 
of,  in  time,  230. 

Asterophyton,  239. 

Asthenosoma,  228. 

A  strata,  18S. 

A streeidoe,  ISO. 

Astrogonium,  236. 

Astropecten,  230,  235.  230. 

.4  stropectinidee,  235. 

Astrophyton,  239. 

Astrorhiza,  81,  86. 

Astrorhizidee,  86. 

A  teles,  S04. 

Athecata  ( Ilydroida ),  134. 

Atherura,  842. 

Atlantidce,  473. 

Atolls,  191,  103. 

Atrial  system  (Bracliiopoda),  430. 

Atriurn  (Tunicata),  506. 

Atta.  420. 

Auchenia,  791. 

Auk,  687. 

Aulopora,  190. 

A ulostom uni,  306. 

Aurelia,  161,  163,  165. 

Aurelia,  400. 

Auricularia,  258. 

Auriculido',  474. 

Aurochs,  800. 

Autolytus,  314. 

Aves,  529;  general  characters  of,  652; 
feathers  of,  653 ;  vertebral  column  of, 
655 ;  skull  of,  657  ;  pectoral  limb  of, 
660-602  ;  pelvic  limb  of,  663-066  ;  di¬ 
gestive  system  of,  666  ;  circulatory  or¬ 
gans  of,  670 ;  respiratory  organs  of,  669 ; 
brain  and  sense-organs  of,  672  ;  repro¬ 
ductive  organs  of,  671  :  classification  of, 
675;  distribution  of,  in  time,  675  ;  orders 
of,  670. 

Avicularia,  428. 

Aviculidce,  460,  461. 

Aviculopecten,  401. 

Axinella,  108. 

Axolotl,  600. 

Aye-aye,  800,  861. 

Azorica,  120. 


llabyroussa,  7S5. 

Baboon,  S66. 

Bactrites,  500. 

Baculites,  497,  500. 

Badger,  824. 

Balwna,  762,  763. 

Balmnidm,  761,  76S. 

Balcenoptera ,  764. 

Balancers,  392,  413. 

Balanidas,  331,  333,  335. 
Balanoglossus,  282. 

Balanus,  334. 

Balatro,  291. 

Balearica,  694. 

Baleen.  762. 

Balistidce,  566. 

Banded  Ant-eater,  745. 

Bandicoot,  741. 

Banteng,  800. 

Banxring,  857. 

Barbadoes  earth,  92. 

Barbets,  707. 

Barnacles,  330,  331,  333,  334. 
Barrier-reefs,  191,  193. 

Bascanion,  629. 

Basiliseus,  635. 

Basking  Shark,  578. 

Bass,  566. 

Bassaris,  823. 

Bathycrinus,  250. 

Bathyergus,  841. 

Batides,  577,  578. 

Batrachia,  601. 

Bats,  845. 

Bdellidce,  375. 

Bdellostoma,  560. 

Beaked  Mites,  375. 

Beaked  Rays,  579. 

Bear,  820,  821,  822. 

Bear-animalcules,  373. 

Bearded  Eagle,  713. 

Beaver,  838. 

Bed-bug,  4CS. 

Bee-eaters,  706. 

Bees,  419  ;  parthenogenesis  of,  53. 
Beetles,  393,  421. 

Belemnites,  493. 

Belemnitidat,  493,  500. 

Belinurus,  351. 

Belleropliina,  475. 

Bellerophon,  475. 

Belodon,  640. 

Berardius,  767. 

Be  roe,  209. 

Beroiclir,  209. 

Bibos,  800. 

Bighorn  Sheep,  799. 

Biloculina,  86. 

Bimana,  S59,  871. 

Binomial  nomenclature,  38. 

Binturong,  831. 

Biology,  definition  of,  1. 

Bioplasm,  8. 

Bipes,  63 1 . 

Bipinnaria,  235. 

Bird-lice,  404. 

Bird’s-head  processes  of  Polyzoa,  42S. 
Birds  of  Paradise,  702. 

Birds  of  Prey,  710. 

Birgus,  362. 

Bison,  800. 

Bittern,  691. 
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Bivalve  Molluscs  (see  Lamellibranchiata), 
Blackbird,  702. 

Black-cock,  695. 

Black  Corals,  181. 

Black  Snake,  629. 

Blustoidea,  240 :  general  characters  of, 
252;  distribution  of,  in  time,  253. 
Blastostyle,  139. 

Blattidce ,  409. 

Blenui  idee ,  506. 

Blcnnius,  566. 

Blind-worm,  033. 

Boa,  629. 

Boatbill,  091. 

Boat-fly,  407. 

Bo  idee,  029. 

Bolinet,  209. 

Bo  mb  idee,  419. 

Bombinator,  003. 

Bomb inator idee,  003. 

Boinbycidce ,  417. 

Bonasa ,  695. 

Bonito,  506. 

Bony  Pike,  572. 

Book-scorpion,  370. 

Bop yr idee ,  350. 

Bos,  SOU. 

Bosch  as,  690. 

Botciurus,  691. 

Bot-flies,  415. 

Bothrioceph ei lus,  270,  272. 

Bothriocida r id ee,  229. 

Bofryllus,  505,  509,  510. 

Bov  idee,  797,  799. 

Boiverbankia,  431. 

Box-slaters,  355. 

B  retch  iota  r  i  a,  235. 

Brachiopoda,  424 ;  general  characters  of, 
435;  shell  of,  430,  437  ;  arms  of,  43S ; 
atrial  system  of,  439 ;  development  of, 
440;  affinities  of,  440  ;  divisions  of,  440, 
441  ;  distribution  of,  in  space,  441 ;  dis¬ 
tribution  of,  in  time,  443. 

Broch yvrei,  359;  characters  of,  362;  de¬ 
velopment  of,  363. 

Bretchyurus ,  S05. 

Bracts  of  Oceanic  Jlydrozoa ,  154. 

Brady poel iclee,  748,  749. 

Brady  pus,  749,  750. 

Branchcllion,  302,  306. 

Branchial  arches  (Fishes),  539. 

Branchial  hearts  (Cuttle-fishes),  4S4 
Branchial  sac  ( Tunicata ),  500  ;  (Lance- 
let,  555. 

Bremchiatei  ( Gastropoda ),  470;  (  Verte¬ 
bral  et),  530. 

B  ranch  if  era-,  470. 

Branchiobdella,  300. 

/ Ira  nch  i oya stropoel a ,  470. 

Branchiopoda  ( Crustacea ),  329,  342. 
Branchiostegal  rays,  539. 

Branch iostoma  (see  A  mphioxus). 

B ranch  ipus,  345. 

Brcrili nyuia,  631,  632. 

Brc v ipe nnatee,  6 S7 . 

Brill,  505. 

Brine-shrimp,  345. 

B risi nyei ,  231. 

Brisi uyidee,  235. 

Brittle-stars,  230. 

Brocket  Deer,  790. 

Brontothc rielev,  709,  774. 


Brontotherium,  774,  775. 

Brata  (see  Edentata ),  74S. 

Bryozoa ,  424. 

Bubalus ,  79S,  S00. 

Bubble-shells,  472. 

Bubonidee,  712. 

Bucci melee,  471. 

Buccinum,  471. 

Buccemielee,  707. 

Buccros,  700. 

Bucevotidee,  7 06. 

Buffalo,  800. 

Bn/o,  003. 

Bufonidce ,  603. 

Bulbus  arteriosus,  54S,  562,  570,  575, 
589. 

Bullet-slaters,  356. 

Bullfinch,  703. 

Bullhead,  500. 

Butlidee,  472. 

Bull-frog,  603. 

Bumble-bees,  419. 

Bungarus,  627. 

Bunodontia,  7S1,  7S2. 

Buntings,  703. 

Buprestidee,  422. 

Burying-beetles,  423. 

Bush-master,  027. 

Bush-quails,  696. 

Bustards,  694. 

Butterflies,  394,  400,  415,  410. 

Buzzards,  713. 

Byssus,  451. 

Cachalot,  704. 

Cacomixle,  S23. 

Caddis-flies,  410. 

Caducibranchiate  Amphibians,  591,  595. 
Creca,  intestinal  (of  Birds),  669. 

C;eea,  pyloric  (of  Fishes),  549. 

Ciecilians,  596. 

Caiman,  642. 

Cake-urchins,  22S. 

Calamarv,  490. 

Ca  la  m en ch th ys ,  571. 

Calcar ina,  84,  85. 

Calceola,  196. 

Calc  ispemg  ice,  110,  122. 

Cal  ice  (Corals),  ls5. 

Californian  Vulture,  713. 

Caliyus,  341. 

Calling  Crabs,  303. 

Calling  Hares,  S44. 

Callionymuti ,  560. 

(  allithrix,  804. 

C  alloy  rapt  us,  1 68. 

Callorhinus ,  819. 

Callorhynchus ,  577. 

Caloeria,  228. 

Calycophoridce,  152;  polypitesof,  153  ;  re¬ 
production  of,  155. 

Calycozoa,  159. 

Calyptoblastic  ITydroids,  142. 
Calyptneiche,  472. 

Calyx  (of  Vorticellci),  100  ;  (of  Crinoids), 
242,  247. 

Cambarus ,  300. 

Ca  no  d  idee,  790,  791,  792. 

CamclopardetUdee,  790,  790. 
Camelopardalis,  790. 

Cano  lus,  791. 

Campanularia,  148. 
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Ca mpanularida,  146;  medusifonn  gono- 
phores  of,  147. 

Campodea,  405. 

Canals,  of  Sponges,  110 ;  of  Ctenophora , 
207,  209. 

Cancer,  364. 

Cancroma,  (501. 

Canidce ,  S26,  827. 

Conis,  S2S,  829. 

Cantharidce ,  422. 

Canvas-back  Puck,  690. 

Capercailzie,  695. 

Capra ,  799. 

Caprella,  354. 

Capreolus ,  795. 

Capri mulgidce,  705. 

Capri  mulgoulece,  705. 

Caprimulgus ,  705 
Capuchin  Monkeys,  S64 
Capybara,  843. 

Car  ait  idee,  423. 

Caracal,  S35. 

Carapace,  of  Difflugia ,  77;  of  Vaginicola, 
101  ;  of  the  Lobster,  322,  323;  of  Chel- 
onian  Reptiles,  615. 

C arch  arias,  57S. 

Carchariidce ,  57S. 

Carcharodon ,  578. 

Carchesium,  101. 

Care  in  us,  364. 

Card  i  ad  re,  461. 

Carduelis.  703. 

Car  duello,  160. 

Caribou,  796. 

Car  inaria,  473,  475. 

Carinatce ,  676,  685. 

Carmarina,  149. 

Carnivora,  general  characters  of,  812; 

divisions  of,  816. 

Carnivorous  plants,  22. 

Carp,  564. 

Carpophaga,  60s. 

Carriage  -  spring  apparatus  (Brachio- 
poda),  438. 

Caryocaris,  346. 

Cary ophy Ileus,  267. 

Caryophyllia ,  184,  185. 

Cassowary,  682. 

Castor,  838,  839. 

Cast  or  idee,  838. 

Castoroidcs,  S3 7. 

Ca sua ri id<e,  682. 

Casuarius ,  682. 

Catarhi na .  863,  865. 

Cat-lishes,  564. 

Cathartes,  713. 

Cathartidee ,  712,  713. 

Catodont idee,  764. 

Cats,  832. 

Cavia ,  84  4. 

Cavicornia,  797. 

Caviidce,  842,  843. 

Cebidce,  864. 

Cebus,  864. 

Cecidomyia,  415. 

Cell,  14. 

Cells  of  Polyzoa,  425,  428. 

Cellulose  in  Ascidians,  20,  505. 
Cement-gland  of  Cirripedes,  330. 

Centetes,  852,  855,  856. 

Ccntetidee,  855. 

Centipedes,  385. 


Cent roce reus,  695. 

Cephalaspis,  571. 

Cephalobranchiate  Annelides,  312. 
Cephalnphora  (MoUusca),  449. 
Cephalopoda,  449  ;  general  characters  of, 
480;  arms  of,  481,  482;  digestive  sys¬ 
tem  of,  483  ;  circulatory  and  respiratory 
organs  of,  484  ;  nervous  system  of,  4S5  ; 
reproduction  of,  4S6 ;  shell  of,  487  ; 
divisions  of,  489;  distribution  of,  in 
space,  498 ;  distribution  of,  in  time, 
499. 

Cephaloptera,  579. 

Cephalothorax,  of  Crustacea,  321;  of  Ar * 
achnida,  367. 

Cerastes,  626. 

Ceratiocaris ,  346. 

Ceratites ,  500. 

Ceratium,  96. 

Ceratodvs,  579,  5S1,  5S2,  5S3. 

Ceratoph  rys ,  5S6. 

Ceratos pong  ice,  116. 

Cercocebus,  866,  SG7. 

Cercolabes,  842. 

Cercoleptes,  823. 

Ce.rcopithecus,  866. 

Cere  of  Birds,  667. 

Cerianthus,  177,  181. 

Cerithiadce,  471. 

Cerithium,  471. 

Certhia ,  702. 

Cert  hi  idee,  702. 

Cervida',  793,  794,  796. 

Cervulus ,  794,  796. 

Cervus,  795,  796. 

Ceryle,  700. 

Cestoidca,  265. 

Cest radon,  577,  57S. 

Cestraphori,  577. 

Cestuni,  209. 

Cetacea ,  716,718,  720,  755;  general  char¬ 
acters  of,  759  ;  groups  of,  761. 
Cetochilus,  340. 

C  haem  a,  866. 

Clueropsis,  783. 

Chceropus,  744. 

Chcetodcrnia,  296,  476. 

Cheetognatha,  295;  characters  of,  315. 
Chcetonotus,  291. 

Cheetopoda,  301. 

Choetosoma,  2S9. 

Chaffinch,  703. 

C  hale  ides,  632. 

Chalcididce,  632. 

Chameeleo,  637. 

Chamatleontidce,  637 . 

Cham  idee ,  461. 

Chamois,  798. 

Channel-bill  Cuckoo,  705 
Ch  a  radr  i  a  I  ee,  694 . 

Charade i ax,  694. 

Charybdece,  160. 

Cheese-mite,  374. 

Cheetah,  834. 

Cheilostomatous  Polyzoa,  42S,  433,  434 
Ch  e  i race ph  a  I  as,  345. 

Chciroyale,  862. 

Cheirontydce,  860. 

Che i rant ys,  859,  860,  861. 

Cheiroptera,  general  characters  of,  845; 
groups  of,  84S ;  distribution  of,  in  space 
and  time,  847. 
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Che iroth crium,  005. 

Chelicera-,  H67,  377. 

Chelifer,  37(5. 

Cheliferidce ,  376. 

Cheliferous  Slaters,  356. 

Chelone,  019. 

Chelonia,  general  characters  of,  613;  sub¬ 
divisions  of,  018;  distribution  of,  in 
time,  020. 

Cheloniidce,  618,  020. 

Chelydidce,  019. 

Chelydra,  619. 

Chenomotphce,  6S9. 

Clievrotains,  792. 

Chigoe,  412. 

Chilognatha,  386,  3S7. 

Chilopoda,  3S5,  3S6. 

Chilnstomella ,  86. 

Chilostomeliidce,  86. 

Chimcera,  576,  577. 

Chimceridce,  576. 

Chimpanzee,  869. 

Chinchilla,  S43. 

Chinckillidce,  842. 

Chipmunk,  838. 

Chirodota,  258,  259. 

Chirnnectes,  737,  745. 

Chi  rotes,  631,  632. 

Chiton,  475,  476. 

Chitonidce,  476. 

Ch  la  mydophorus,  754. 

Ch  l am ydosau  ms,  636. 

Ch  la  mydotherium,  755. 

Chlorophyll  in  animals,  21. 
Choanoflagellata,  102. 

Choloepus,  749,  750. 

Chondropterygidce,  572. 

Chondrosteus,  571. 

Chorda  dorsalis  (see  Notochord),  516. 
Chough,  701. 

Chromatophores,  481. 

Chrysalis,  400,  416. 

Chrysaora,  102. 

Chrysoch loridce,  854. 

Chrysochloris,  855. 

Chub,  564. 

Chylaqueous  canals,  162. 

Chylific  stomach  of  Insects,  395. 

Cicada,  406. 

Cicindelidce,  423. 

Ciconia,  691. 

Ciconiidas,  691. 

Cidaris,  221. 

Ciliata  (Infusoria),  97. 

Cilioflagellata,  103. 

Cirnex,  408. 

Cinelides,  179. 

Ciona,  510. 
cirrhatulus,  314. 

Cirripcdia,  329;  general  charactersof,  330; 

development  of,  331,  332;  groups  of,  333. 
Cirmstomi  (see  Pliaryngobranchii). 

Civet,  829,  830. 

Cladncera,  329;  characters  of,  342. 
Cladochonus,  190. 

Classification,  33. 

Clathruiina,  95. 

Clacatella,  138. 

Clave  llina,  510. 

Cleodora,  479,  4S0. 

Clc pains,  306. 

Climacoyraptus,  16S. 


Cliona,  118. 

C  list  ente  rat  a  (Brachiopoda),  440. 
Clitellum,  305,  308. 

Clothe,  626. 

Clupeidce,  564. 

Clupeus,  504. 

Clymenia,  496. 

Clypeastridce,  228. 

Clytia,  147. 

Cnidse,  127. 

Coati,  823. 

Cobra,  627. 

Coccidce,  405,  407. 

Coccinellidce,  422. 

Coccosteus,  571. 

Coccothraustes,  703. 

Coccus,  407. 

Coecyzus,  705. 

Cochliopodium,  77. 

Cockatoo,  709. 

Cockle,  401. 

Cockroach,  408,  409. 

Cocoon,  401. 

Cod,  564,  565. 

Codonella,  9b. 

Coelenterata,  characters  of,  124 ;  thread- 
cells  of,  127  ;  divisions  of,  128. 
Caelogenys,  843. 

Coenenchyma,  1S7. 

Coennhita,  361. 

Ccenoecium,  425. 

Ccenosteum,  169. 

Ccenosarc,  130. 

Coenurus,  274. 

Colcoptera,  392;  mouth-organs  of,  393; 

characters  of,  421 ;  sections  of,  422. 
Collenibola,  404. 

Colloids,  S. 

Collosphcera,  92. 

Collozoa,  92. 

Collazoum ,  S9,  92. 

Co  Johns,  S67. 

Colnssochelys,  620. 

Colubridce,  02S. 

Col  ago,  858. 

Colmnba,  697,  69S. 

Columbacei,  690. 

Columbce,  096. 

Columbidas,  097. 

Columella,  of  Corals,  1S6;  of  the  shells  of 
Gastropoda,  465. 

Column  of  Actinides,  177. 

Colymbidce,  687. 

Colyinbus,  687. 

Coma rocyst lies,  252. 

Comaster,  249. 

Comatula,  240,  241,  242,  243,  244,  245. 
249. 

Conchicolites,  313. 

Conchifera  (see  Lamellibranchiala). 
Condor,  713. 

Condylura,  S54. 

Conger-eel,  564. 

Congo  Snakes,  599. 

Conidir,  471. 

Conirostral  type  of  beak,  701. 

Conjugation,  46  ;  of  Gregarines,  70 ;  of  In¬ 
fusorians,  99. 

Conodonts,  553. 

Conosmilia,  197. 

Contractile  vesicle,  of  Protozoa,  07 ;  of 
Amoeba,  74  ;  of  Paramivcium,  99. 
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Conularia,  4S0. 

Conuridce,  TOO. 

Coot,  603. 

Copepoda,  329 ;  characters  of,  339 ;  para¬ 
sitic  types  of,  340,  341. 

Cophobelemnon,  201. 

Copperhead  Snake,  627. 

Coral-reefs,  191. 

Coral  Snakes,  62S. 

Corallistes,  120. 

Corallite,  1ST. 

Corallium,  201. 

Corallum,  176;  of  A  ntipathidce,  182;  of 
Zoantharia  sclerodermata ,  183-189;  of 
Rugosa ,  194-196;  of  Tubipora,  199;  of 
Pennatula,  200;  of  Gorgonidce,  201;  of 
lleliopora,  203. 

Cordylophora,  134,  135,  136. 

Cormorant,  (i$8. 

Cornulites,  313. 

Coronella,  629. 

Coronula,  334. 

Correlation  of  organs,  31. 

Cortical  layer  of  Infusoria,  9S. 

C or v idee,  701. 

Corpus,  701. 

Coryne,  135,  139. 

Corynida,  132;  general  characters  of,  134  ; 
reproduction  of,  135 ;  development  of, 
140  ;  types  of,  140,  141. 

Coryomorpha,  134,  141. 

Coryphodon,  770. 

Coryphodvntidce,  770. 

Cot  my  idee,  704. 

Cottidce,  566. 

Cottus,  566. 

Coturnix,  695. 

Courser,  694. 

Cow-bunting,  705. 

Cowries,  464,  471. 

Coyote,  829. 

Coypu,  S42. 

Crab-lobsters,  362. 

Crabronidce,  419. 

Cracidce,  696. 

Crane,  694. 

Crane-fly,  413,  415. 

Crangon,  360. 

Crania,  436,  442. 

Craniadce,  441,  442. 

Craspeda,  179. 

Craspedote  Medusids,  150. 

Crassilinguia,  635. 

Crax,  696. 

Crayfish,  359,  360. 

Creepers,  702. 

Crex,  693. 

Cribella,  231. 

Cricetodon,  837. 

Cried  us,  M0. 

Crickets,  409. 

Crinuidea,  219;  general  characters  of,  240  ; 
distribution  of,  in  space,  249;  distribu¬ 
tion  of,  in  time,  250. 

Crioceras,  497,  498,  500. 

Cristatella,  427. 

Cristellaria,  87. 

Crocidura,  852,  853. 

Crocodilidw,  641. 

Croeodilia,  613;  general  characters  oi, 
638  ;  groups  of,  641. 

Crocodilus,  641. 


Crop,  of  Earth-worm,  308 ;  of  Insects,  394  ; 

of  Birds,  667. 

Crossarchus,  S31. 

Cross-bill,  70S. 

Crossopterygidex,  568. 

Crossopus,  853. 

Crotalidce,  626. 

Crotalus,  626. 

Crow,  701. 

Crustacea,  318 ;  general  characters  of, 
320;  morphology  of  a  typical  Crustacean, 
322-329  ;  divisions  of,  329,  330. 
Cryptobranchus,  599. 

Cryptohelia,  197. 

Cryptoniscus,  356. 

Cryptophialus,  335. 

Cryptoprocta,  S31. 

Cryptoproctida: ,  831. 

Crystalline  stylet  of  Lamellibranchs,  457. 
Crystalloids,  8. 

Ctenocyst,  20S. 

Ctenodactylus,  842. 

Ctenod ipterini,  5S2. 

Ctenodiscus,  235. 

Ctenodus,  582. 

Ctenoid  scales  of  Fishes,  533. 

Ctenomys,  S42. 

Ctenophora,  177 ;  general  characters  of, 
205  ;  canal-system  of,  207 ;  homologies 
of,  with  Actinidce,  208  ;  groups  of,  209. 
Ctenostomata,  433. 

Cuckoo.  704,  705. 

Cuculidce,  704. 

Cuculoideir,  704. 

Cuculus,  705. 

Cucumaria,  255,  256,  25S. 

Culicid"',  413,  415. 

Cupidonia,  695. 

Cupularia,  427. 

Curassow,  696. 

Curlew,  694. 

Cursores,  6S0. 

Cursorius,  094. 

Cuttle-bone,  487,  491. 

Cuttle-fishes,  4S0,  4S2,  483,  484,  486,  4Si, 
489. 

Cuvieria,  479,  480. 

Cuvieriau  organs,  256. 

Cyamus,  354. 

Cyanea,  161,  164. 

CyathophyllidtB,  196. 

Cycladidir,  401. 

Cyclas,  459. 

Cyclodus,  631. 

Cycloid  scales  of  Fishes,  533. 

Cyclopht  h  alm  v  s,  370. 

Cyclopoidea ,  321. 

Cyclops,  340. 

Cyclostomata  (Fishes),  556. 
Cyeiostomatous  Polyzoa,  428,  433. 
Cyclostomidic,  474. 

Cyclothurus,  751. 

Cydippe,  206. 

Cygnidce ,  690. 

Cygnus,  690. 

Cy  motion’ ,  356. 

Cymothokbr,  356. 

Cynniurus,  835. 

C ynipid",  418. 

Cynocephalus,  866. 

Cyiiocliainpsa,  646. 

Cynudraco,  646. 
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C y nogale ,  831. 

Cynomys ,  838. 

Cynojiithecidie,  8G6. 

Cynopithecus,  S66. 

Cynthia ,  510. 

Cypra-ida;,  471. 

Cypridina,  338,  330. 

Cyprinidce  (Mollusca),  4G1 ;  (Fishes), 
504. 

Cyprinus,  564. 

Cypris ,  338,  339. 

Cypselidw,  708. 

Cypseloiderr ,  708. 

Cypselus ,  708. 

Cyrtoccras ,  497,  499. 

Cyrtolites,  475. 

Cyst  ice  re  us ,  271,  272,  274. 

Cystic  Worms,  265,  271. 

Cystignathida',  603. 

C/y.v/  iphyllidce,  196. 

Cystiphyllum ,  196. 

Cystoidca,  219,  240 ;  general  characters  of, 
251. 

Cythere,  338. 

Cy  there  a ,  453. 

Cytode,  15. 

Daboia,  626. 

Da  ce  In,  705. 

Dactylcthra,  <102,  603. 

Dactylocalyx ,  110,  122. 

Dactyloptenti s',  542. 

Dactylosph  out  a,  76. 

Damn,  795. 

Daphnia,  337,  342,  343. 

Darter,  689. 

Darwinian  theory,  41. 

Dasornis,  681. 

sypodidee,  7 53. 

/ )a$yproct a ,  843 . 

Dasyproctidee,  S42,  S43. 

Dasyjms,  754. 

1  )asyuridee,  746. 

Dasyimts.  746. 

Daivsonella ,  475. 

Decapoda  (Crustacea),  35S;  (Cephalo¬ 
poda),  400. 

Deer,  793,  795. 

Dcgecria ,  405. 

Deinosauria,  648. 

Deinotherium ,  811,  812. 

Delphinidce,  761,  765. 

Detphinus,  765. 

Demodex ,  374. 

De ndroch irotce,  254,  25S. 

Dendrocod  Planarians,  280. 
bend rocolapt idee,  704. 

Dendrograptus,  167,  168. 

Dendrolagus,  741. 

Dendrophyllia ,  1S3. 

Dental  formula,  727. 

Dental  idee,  477. 

Dentaliiini ,  477. 

Den ti rostral  type  of  beak,  701. 
Dermanyssus,  374. 
he  rot  re  mat  a,  598,  599. 

Desman.  853. 

Desuiod us,  851. 

Dcsumynathce,  659. 

Development,  54  ;  retrograde,  56. 

Dexlrai  shell  of  Gastropods,  466. 
Dtaphoropodon,  85. 


Dibranchiata  (Cejriialnpoda),  489  :  distri 
bution  of,  in  space,  498;  distribution 
of,  in  time,  500. 

7)  / ce  r«  /  /ie  riw  m ,  772. 

Diconodon ,  775. 

Dicoryne,  136,  139. 

Dicot yles,  785. 

Dicroceros ,  796. 

Dictyocysta ,  98. 

Dictyonema ,  16S. 

Dicynodon,  645. 

Dicynodontia ,  644. 

Dicyst  idea,  69. 

Didelphia ,  732,  737. 

Didelphidce,  743,  744. 

Didelpliys ,  745. 

D id idie,  698. 

Didunculidce ,  60S. 

Didunculus ,  698. 

Did 'U8,  698. 

D  idymograpt  us,  16S. 

Dijflugia,  77. 

Digitigrade  Carnivora,  S16,  829. 
Dimorphodon,  648. 

Dimyary  Lamellibranchs,  455. 

Dinoceras,  SOI,  802. 

D inocerata ,  801. 

Dinophis,  624. 

Dinornis,  682,  683. 

Dinornith  idee,  682. 

Dinosauria,  648. 

Diomedea ,  6SS. 

Diphasia,  143. 

Diphycercal  tail  of  Fishes,  543. 

Diphges,  155,  156. 

Diphyozooids,  155. 

Di  plug  rapt  us,  168. 

Diplophrys,  85. 

Dipneumones,  381. 

Dipnoi,  554 ;  general  characters  of.  579. 

Di pod  idee ,  841. 

Dipodomys,  841. 

Diprotodon,  747. 

Diprotodontiu,  739. 

Dipsadiclee,  628. 

Diptera,  392,  394;  general  characters  of, 
413. 

Dipterus,  582. 

Dipus,  842. 

Disc ina,  442. 

Disci u idie,  441,  442. 

Jdscodtnnia,  120. 

Discophora  (II ydrozoa),  160:  (.! nmdida). 
301. 

Discorbina,  S3,  S7. 

Dissepiments  of  Corals.  1S6. 

Distoma,  275,  278;  anatomy  of  Distoma 
hcpaticum,  276;  development,  276,  27:v 
Distribution,  geographical,  57 ;  bathy¬ 
metrical,  59;  geological,  61. 

Dithyrocaris,  346. 

Diver,  687. 

Dochmius,  2S7. 

Docoplmrus ,  403. 

Dodo,  698,  699. 

Dog,  828. 

Dog-fishes,  578. 

Doliofum .  510,  511. 

I  Udphins,  765,  766. 

Donkey,  778. 

Dorcathe ri um,  798. 

Doridiv,  472. 
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Doris,  472. 

Dormice,  S39. 

Dorsal  vessel  of  Insects,  396. 

Dorylaimus ,  2SS. 

Draco,  636. 

Dracunculus ,  2SS. 

Dragonet,  566. 

Dragon-flies,  410. 

D  remoth  erinm,  793. 

Dromceognathce ,  659. 

Dromaius ,  6S2. 

Dromatherium,  746. 

Dromedary,  791. 

Dryolestes ,  747. 

Dryophidce ,  628. 

Dryopithccus ,  863. 

Duck,  690. 

Duck-mole,  733,  736. 

Dugong,  75S. 

Duplicidentate  Rodents,  S36,  S37,  844. 
Dytiscidce ,  423. 

Eagle,  713. 

Eagle-ray,  579. 

Earth-worm,  306 ;  anatomy  of,  308. 
Echeneis ,  566. 

Echidna,  733,  734,  735,  736,  737. 

Echimys ,  S42. 

Echinococcus ,  274. 
ifc/i  /  node  res,  293. 

Echinodermata ,  general  characters  of, 
214;  ambulacra!  system  of,  217  ;  devel¬ 
opment  of,  217.  218;  orders  of,  219. 
Echinoidea ,  general  characters  of,  219  ; 
test  of,  220;  ambulacral  system  of,  224  ; 
development  of,  228  ;  groups  of,  228, 
229  ;  distribution  of,  in  time,  229,  230. 
Ec hi nops,  85 6. 

E  chino  rhynchus,  283,  284. 

Echinothuria,  228,  230. 

Echinothuridce,  220,  228. 

Echinozoa ,  219. 

Echinus,  221,  226. 

Echiurus,  296,  297,  298. 

Ectocyst,  427. 

Ectoderm  (of  Sponges),  109;  (of  Caden- 
t  era  fa ),  125,  126. 

Ectupistes,  698. 

Ectoplasm,  14,  67. 

Ectosarc,  73. 

Edaphodus,  5 7 * » . 

Edentata,  general  characters  of,  748; 
groups  of,  749;  distribution  of,  in  time, 
754. 

Edwardsia,  177,  ISO,  181. 

Eels,  564. 

Eider-duck,  690. 

Elaphurui,  796. 

Elapina.  6*27. 

Elaps,  628. 

Elasipoda ,  256,  258,  259. 

Elasmo b ranc h ii,  characters  of,  572;  dis¬ 
tribution  of,  111  time,  575 ;  groups  of, 
576. 

Elasmodus,  57 0. 

El  a  .'flu  ogn  a  t  h  u  s,  773 . 

Elateridce ,  422. 

Electric  Eel,  564. 

Electric  Ray,  579. 

Elephant,  807,  810. 

Elephant-seal,  818 
Elephant-shrew,  S57. 


Elcphas,  810,  811,  812. 

Elk,  796. 

Elysiadce ,  472. 

Elytra  (of  Aphrodite ),  315;  of  (Col  qt- 
tera),  421. 

Emballonu ridee,  S49,  S50. 

Emberizct,  703. 

Emeu,  6S2. 

Em  yd  idee ,  619,  620. 

Emydium,  374. 

Enaliosa uria,  643. 

Encephala  (M ollusca),  449,  462. 

Encrinus,  250. 

Eudocyst,  427. 

Endoderm  (of  Sponges),  109;  (of  Ccelen- 
terata),  125,  126. 

Endoplasm,  14,  67. 

Endoplast,  14. 

Endopodite,  323. 

Endosare  (of  Protozoa ),  73  ;  (of  Polyzoa), 
431. 

Endostyle  of  Tunicates,  506. 

Endothyra ,  SO 
Enhydris ,  825. 

Entalium,  477. 

Ei iter oj) net  1  st a,  2 S 2. 

Entomophaga ,  743. 

Entomostraca,  329 ;  characters  of,  337 ; 

groups  of,  338. 

Entosolenia,  82. 

Entozoa,  265. 

Eocidaris ,  229. 

Enhqjpus,  778. 

Enphrynus,  370. 

Eoscorpius ,  370. 

Eotherium ,  759. 

Eozobn,  88. 

Ephemeridfv,  410. 

Ephyra,  164. 

Epicrium ,  597. 

Epidermis  of  the  shell  of  Molluscs,  449. 
Epipodite,  326. 

Epipodium,  445;  of  Gastropoda,  463;  of 
Pteropoda,  47S  ;  of  Cephalopoda,  4S2. 
Epiphragm  of  Snails,  474. 

Epistome  of  Polyzoa ,  430,  433. 

E-pist  filis ,  101. 

Equidctf,  777. 

E quus,  777. 

E ret h  izon,  842. 

JJriculus,  856. 

Erinaccidce,  856. 

Erinacevs ,  852,  S56. 

Ermine,  826. 

Errant ia  (Annelida),  311  ;  characters  of, 
313;  development  of,  315;  distribution 
of,  in  space  and  time,  315. 

Eri ithaca,  702. 

/&c/i #<7/  oltzia,  209. 

Esocidce,  564. 

Esox,  564. 

Estln  ria,  344. 

EuchariSy  209. 

Elide  ndrium,  140. 

Eude phas .  810. 

Euglena ,  102,  103. 

Euglypha,  85,  87. 

Eunectes ,  629. 

Euplectella,  120. 

Euplexoptera,  409. 

Eu proops,  351. 

Eupsa in  in  idee,  1 89. 
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Euryalidce,  239. 

Eurypterida,  34S ;  characters  of,  351 ;  dis¬ 
tribution  of,  in  time,  352. 

Eurypteras,  352. 

Eurystomala  ( Ctenophora ),  209. 
Euspongia,  117. 

Exoccetus ,  512. 

Extracrinus ,  250. 

Facial  suture  of  Trilobites,  347. 
falconet,  712. 

Falconidce,  713. 

Fallow-deer,  795. 

Fan-corals,  202. 

Farrea,  122. 

Father-laslier,  566. 

Favositcs,  1S9. 

Favositidce,  1S9,  193. 

Feathers,  structure  of,  653. 

Feather-star,  240,  249. 

Felidce,  832. 

Felts ,  S34,  835. 

Fenestella,  434. 

Fennec,  S29. 

Ferce,  S12. 

Ferret,  S2  >. 

Field-bug,  40S. 

Fieldfare,  702. 

Field-mouse,  840. 

Filaria,  28S,  289. 

File-fishes,  566. 

Filoplumas,  055. 

Finches,  703. 

Fiuner-whales,  764. 

Firolidai,  473. 

Fishes  (see  Pisces). 

Fish-lice,  340. 

Fish-slaters,  356. 

Fissilinguia,  631,  634. 

Fission,  47 ;  of  Corals,  1S8. 

Fissirostral  type  of  beak,  701. 
Fissurellidce,  472. 

Fixing  cells  of  Ctenophora,  12S. 

Flagellata  (Infusoria),  101. 

Flagella,  GS,  102. 

Flamingo,  690. 

Flat-fishes,  565. 

Flea,  412. 

Flesh-fly,  415. 

Float  of  Physophoridce,  150. 

Floscularia,  290,  293. 

Fluke-worms,  275. 

Flustra,  425. 

Fly-catchers,  702. 

Flying  Dragon,  636. 

Flying  Fish,  542. 

Flying  Lemur,  85S. 

Flying  Phalanger,  743. 

Flying  Squirrel,  838. 

Food  of  Animals  and  Plants,  21,  22. 
Food-vacuoles  of  Protozoa,  76. 

Foot,  of  Rot  if  era,  291 ;  of  Mollusea,  441 ; 
of  LamelUbranchiata,  451  :  of  Gastro- 
ptntn,  462  ;  of  lleteropoda,  473  ;  oi' Ptero- 
poda,  478  ;  of  Cephalopoda,  482. 
Foot-jaws,  of  Lobster,  326 ;  of  Centipedes, 
385. 

Fnrami aife.ra,  characters  of,  78;  test  of, 
79;  monothalamous  and  polythalamous, 
82  :  supplemental  skeleton  of,  84  ;  classi¬ 
fication  of,  s5  ;  distribution  of,  in  space, 
*7 ;  distribution  of,  in  time,  S8. 


Forest-bug,  408. 

Forest-fly,  415. 

Forficula,  393,  409. 

Forficulidce,  409. 

Formicariidce,  701. 

Formicidce,  419,  420. 

Fowl,  695. 

Fox,  829. 

Fox-bats,  84S. 

Francolinus,  695. 

Fredericella,  433. 

Fregilus,  701. 

Fresh-water  Mussels,  460. 

Fresh-water  Shrimp,  354. 

Frigate-bird,  689. 

Frill  lizard,  636. 

F  ring  ilia,  703. 

Fring Midas,  703. 

Fringing-reefs,  191,  193. 

Frog,  h  eart  of,  5S9;  development  of,  593  ; 
types  of,  603. 

Frugivora  (Cheiroptera),  848. 
Fruit-pigeons,  69S. 

Fulgora,  406. 

Fulica,  693. 

Fuligula,  690. 

Functions,  specialisation  of,  25. 

Fungia,  176. 

Fungida,  189. 

Fungidce,  1S6.  1S9. 

Funiculus  of  Polgzoa,  431. 

Funnel  (of  Ctenophora),  207  ;  (of  Cephalo¬ 
poda),  482. 

Furcula,  662. 

Fusulina,  S7. 

Gad-fly,  415. 

Gadidai,  565. 

Gadus,  565. 

Galago,  862. 

Galathea,  363. 

Galecgnus,  816. 

Galeodes,  376,  377. 

Galeopifhecidat,  857. 

Galeopithecus,  857,  S5S. 

Galesaurus,  646. 

Galictis,  826. 

Galley-worms,  3S6. 

Gall-flies,  418. 

Gallinaceous  Birds,  694. 

G"  II in  a’,  694. 

Gallinago,  694. 

Gallimiia,  693. 

Galliwasp,  633. 

Gallus,  695. 

Gamasidat,  3S4. 

Gammarus,  351. 

Gannet,  688,  689. 

Pa  nodus,  576. 

Ganoid  scales  of  Fishes,  534. 

Ganoidei,  characters  of,  567  :  distribution 
of,  in  time,  571  ;  groups  of,  571,  572. 
Garden-mites,  375. 

Gnre-fowl,  687. 

Garrulus,  701. 

Gasterosteus,  566. 

Gastropoda,  446,  449  ;  characters  of,  462 ; 
shell  of,  463-467  ;  odontophore  of,  467  ; 
respiratory  organs  of,  46S  ;  nervous  sys¬ 
tem  of,  469;  development  of,  470  ;  divi¬ 
sions  of,  470;  distribution  of,  in  space, 
474  ;  distribution  of,  in  time,  475. 
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GoMrotricha,  201. 

Gastro vascular  space  of  Ccelenterates,  125. 
Gastrula,  140. 

Ganiev,  6S7. 

Gavial,  641,  642. 

Gavialidce,  642. 

Gavialis,  642. 

Gayal,  S00. 

Gccarcinus,  368. 

Gecko,  632,  636. 

Gcckotidee,  635. 

Geese,  690. 

Gelasimus,  303. 

Gemmation,  47,  48  ;  (of  Corals),  1S7,  1SS. 
Gemmules  of  Spongilla,  114. 

Generation,  spontaneous,  12. 

Generations,  alternation  of,  49. 

Genette,  S30. 

Geocorisce,  407. 

Geodia,  119. 

Gcogalc,  856. 

Geographical  distribution,  57. 

Geological  distribution,  61. 

Geometridce ,  416. 

Geomyidce,  839,  S40. 

Geomys,  841. 

Geophilus,  386. 

Geoplanid.ee,  279. 

Georychus,  841 

Gepliyrea,  205  ;  characters  of,  296. 
Gerbillvs,  840. 

Gcryonidee,  152. 

Giant  Clam,  461. 

Gibbon,  S09. 

Gigantostraca,  33S,  34S. 

Giraffe,  796. 

Gizzard  (of  Earth-worm),  30S ;  (of  Insects), 
394  ;  (of  Polyzoa),  431 ;  (of  Birds),  667. 
Glabella,  347. 

Glareola,  094. 

Glass-rope  Zoophyte,  120. 

Glass-snake,  632. 

Glires  (see  Jiodent  ia). 

Globe-fishes,  566. 

Globicephahis,  760. 

Globigerina,  S3,  S7,  8S. 

Gl'ibiacrinid"  ,  87. 

Glomeris,  387. 

Glossophora,  462. 

Glossotherium,  7 55. 

Glow-worm,  422. 

Glutton,  826. 

Glyptodon,  755. 

Gnat,  414,  415. 

Goat,  799. 

Goat-sucker,  705. 

Gobiidee,  560. 

Gobius,  566. 

Godwit,  694. 

Golden  Mole,  854. 

Goldfinch,  703. 

Gonangium,  143,  145. 
tloniaster,  231,  236. 

Goniatites,  496,  500. 

Goniod  incus,  236 
Goniophyllum,  197. 

Gonoblastidia,  139. 

Gonocalyx,  structure  of,  136,  137. 
Gonophores,  130,  135;  medusiiorm,  131, 
136,  139. 

Gonosome,  130. 

Gonotheca,  143,  145. 


Gopher,  S40,  S41. 

Gordiacea,  2S3  ;  characters  of,  2S4. 
Gordius ,  284,  285. 

Gorgonidce,  1S2,  19S;  characters  of,  201  ; 

spicules  of,  202. 

Gorilla,  869,  S70. 

Gour,  800. 

Gouridce,  698. 

Grallw,  692. 

Grallatorcs,  685,  692. 

Grampus,  766. 

Grantia,  122,  123. 

Graptolites,  166. 

Graptolitoidea,  166. 

Grasshoppers,  409. 

Gravigrada,  754. 

Great  Ant-eater,  751. 

Great  Armadillo,  745. 

Grebe,  0S7. 

Green  Lizard,  634. 

Green  Turtle,  619. 

Greenland  Shark,  57S. 

Greenland  Whale,  762. 

Gregarina,  69,  70,  71. 

Gregarinidas,  68 ;  reproduction  of,  70. 
Grison,  826. 

Gromia ,  79.  SO,  85,  S6,  ST. 

Grom  idee,  85,  S6. 

Grosbeak,  703. 

Ground-beetles,  423. 

Ground-pigeons,  69S. 

Grouse,  695. 

Growth,  5  ;  correlation  of,  31. 

Gruidce,  694. 

Grus,  694. 

Gryllid"  ,  409. 

Guard  of  Belemnite,  493. 

Guillemot,  6S7. 

Guinea-fowl,  696. 

Guinea-pig,  844. 

Guinea-worm,  2S8. 

Gull,  687. 

Gulo,  826. 

Gurnard,  566. 

Guynia,  196. 

Gymnoblastic  Hydroids,  135. 

Gymnochroa,  132. 

Gymnoeyte,  14. 

Gym  nodontidee,  566. 

Gym nolamiata,  433. 

Gym  nophiona,  596. 

Gy m noph thal mate  Medusa1,  137,  151. 
Gymnosomata  ( I’teropoda ),  479. 
Gymnotus,  564. 

Gymnura,  856. 

Gypaiitus,  713. 

Gypogcranidce,  713. 

Gypogcranus,  713. 

Gyps'.  713. 

Gy rin idee.  423. 

Gyroceras,  497. 

Haddock,  565. 

Ilcematucrya,  530. 

J/cematopus,  694. 

Ilcematotherma,  530. 

Ilceiniipsis,  306. 

Hag-fishes,  556,  557,  55S,  559,  560. 
Ilaimeia,  197. 

Hair-worms,  284. 

Halibut,  565. 

Ualicore,  758. 
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flaii oti doe t  472. 

Ilalisarca ,  116. 

Halithcrium,  759. 

Halteres,  392,  413. 

Hamadryad,  627. 

Ifamites ,  500. 

Hammer-headed  Shark,  578. 

Hamster,  840. 

Hang-birds,  702,  703. 
llapale ,  864. 

Jlapalidce,  863,  864. 

/ / aplophyllia,  196. 

Hares,  S44. 

Harlequin-snakes,  62S. 

Jlartea,  107. 

Harvest-men,  375. 

Harvest-mites,  375. 

Hatter ia,  637. 

Hawks,  713. 

Hawk's-bill  Turtle,  619. 

Heart-urchins,  228. 

Hectocotylus,  4S6. 

Hedgehog,  S56. 

1  ledge-sparrow,  702. 

Helarctos,  s22. 

Helianthoid  Polypes,  177. 

Ilclicidce,  474. 

Heliolites,  204,  205. 
lleliopora ,  208,  204. 
flelioporidce,  203. 

J/cliozoa,  92. 

Jlelladotlierium,  797. 

Heloderma,  632. 

Hemelytra,  392,  407. 

Ilemrrobiidce ,  410. 

Hemimetabolic  Insects,  399,  405. 
llemiptera,  405. 

Hermit-crabs,  361. 

Heron,  691. 

Iferpestcs,  830. 

I  lerring,  564. 

I/esperomys ,  840. 
llcsperornis ,  678,  679. 

Hessian  Fly,  415. 

Jfeterocero ,  416. 

Heterocercal  tail  of  Fishes,  544. 
Ilctcroviastix,  102,  103. 
lleteromera,  422. 

Ileteromyary  Bivalves,  455. 

J/eterunereiSt  314. 

Ifcterophrys,  94. 

lleteropoda ,  463,468;  characters  of,  472; 

families  of,  473. 

Ileteroptera ,  407. 
llexacoralla,  177. 

If  exactinia!,  177 

I I  excictincllidee,  1 20. 

1 1  ibcrnation,  10. 

I  f  i  mantopus,  694. 

/  /  ip  par  ion,  779. 

// / ppobo.sc it to\  1 1 5. 

// ippocam pula',  567. 

I lippocrepian  Polyzoa ,  430. 

// ijrpoy  lossy  s ,  565. 

/ /  i ppopotam idcBf  782. 

If i  ppopotamus,  782,  783. 

I I  ipjfospon  yia,  117. 

If  ipjntritiiltv,  461,  462. 

If irudinoa,  301  ;  types  of,  306. 

// iru ml i nid(rf  703. 

// i routln,  703. 

Jlolocej >hali,  576. 


Jlnlocystis ,  197. 

Holometabolic  Insects,  400,  412. 

IIolopus,  250. 

Holostomatous  Gastropods,  465,  471. 
Ilolothuria ,  258,  259. 

Holothuroidea,  2ls,  219 ;  characters  of, 
254;  groups  of,  25S  ;  distribution  of,  in 
space  and  time,  259. 

Iloltenia ,  120. 

Homarus,  359  ;  anatomy  of,  322 
Homo ,  870. 

Homocereal  tail  of  Fishes,  544. 

Homology,  28  ;  serial,  29. 

Homomorphism,  30. 

Homomyary  Bivalves,  455. 

Homoptera ,  405,  406. 

Honey- badger,  824. 

Honey-bear,  822. 

Honey-eater,  703. 

Honey-guide,  705. 

Hoopoe,  706. 

// oplocrpha  l its,  62S. 

Jlorm  iphora,  209. 

Horn-bill,  706. 

Horned  Ray,  579. 

Horned  Viper,  626. 

Hornet,  419. 

Horse,  777. 

Ilorse-musscls,  460. 

Horse-shoe  Crabs,  349. 

House-fly,  415. 

Howling  Monkey,  S64. 

Humming-birds,  70S. 

Hump-backed  Whales,  764. 

Hunting-dog,  829. 

H I/ (vna,  831,  832. 

II  yevnaretos ,  816. 

Hycenulce ,  S31. 

Jfyalea ,  479,  4S0. 

If  yalonema,  120. 

If yalosphenia,  77. 

Jlyas,  364. 

Hydatids,  274. 

If ydatinea,  293. 

Hydra,  12S;  characters  of,  132  ;  reproduc¬ 
tion  of,  134. 

1 1 ydrachnidiv,  374. 

J I  y  dr  actinia,  135,  139,  141. 

Hydra-tuba,  163,  164. 

Ilydrido,  132. 

Hydrocaulus,  143. 

/ /»/</ rocluerus,  S4‘!. 

// ydrocorallinfp,  132  ;  characters  of,  169. 

1 1 ydrocbrisce,  4o7. 

Hydrocysts,  158. 
llydroecium,  155 

Hydroid  Zoophytes  (seo  If ydroida). 

If  ydroida,  characters  and  divisions  of, 
132  ;  reproduction  of,  135-140. 
Hydrophidcv,  628. 

If ydrophilidee,  402,  423. 

1  lydrophyllia,  154. 

If  ydropotes,  793,  796. 

Hydrorhiza,  130. 

If  ydrosatmts,  634. 

Hydrosoma,  129. 

Hydrotheca,  142. 

Jlydrozoa,  general  characters  of,  128;  ter¬ 
minology  of,  129;  divisions  of,  132. 

Ilylit,  604. 

IlyHdiv ,  604. 

// yloboteSy  869. 
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UylodcSy  505,  601. 

I  f  y  me  no  car  is,  346. 

Ilymcnopteva,  392,  397,  400 ;  characters 
of,  417. 

Ilyocrinus,  250. 

Hyoid  arch  of  Fishes,  538. 

// yolithes,  4S0. 

Jlypcrodupedon ,  632,  63S. 

Ilyperood  on,  767. 

Ilypobyth ins,  511. 

Hypophysial  gland  of  Tunicates,  50S. 
Hypostome  of  Trilobites,  346. 

Ilypsi prym nopsis ,  746. 

Ilypsiprymnus,  741. 

Ilyracoidea ,  S05. 

II yracotherium ,  774. 

Ilyrax,  805,  806,  807. 

Hystricidee ,  S42. 

Jlystricomorph a ,  S4  2. 

Uystrix,  842. 

Ibis,  692. 

Ichneumon  (Insects),  41S ;  (Carnivora), 
830. 

1  chneumonidctt,  41S. 

Ichthyopht  hira ,  340. 

Ichthyopsida ,  531. 

7c/i<  it y opt e ryg ia ,  642. 

Ichthyornis ,  652. 

Ichthyosauria,  642. 

I ch  th yosa a  run,  643. 

Jeter ida’,  702,  703. 

1  ctitherium,  816. 

Idotea ,  355. 

Idyia ,  209. 

Iguana,  635. 

Jguanidir ,  635. 
lyuanodon ,  649,  650. 

1  lyanthidez,  181. 

Ilyanthus ,  181. 

Imago,  399,  400. 
lmpennes ,  685. 

1  mperfora  ta  ( Foram  ini f era),  81 . 
Implacental  Mammals,  731. 
lnarticulata  ( Brachiopoda ),  440,  441. 

Tad  icato  r idee,  7 05 . 

Individuality,  general  definition  of,  48. 
Indris,  862. 

Jndrisin>rf  862. 

Infusoria ,  characters  of,  95;  divisions 
of,  97;  Ciliated,  97;  Suctorial,  101; 
Flagellate,  101 ;  Cilio-flagellate,  103. 
Inia,  766. 

/ noperculat a,  474. 

Inorganic  and  organic  matter,  differences 
between,  2. 

Imecta,  318,  320 ;  general  characters  of, 
390 ;  organs  "i  the  mouth  of,  393 ;  di¬ 
gestive  system  of,  394,  395;  circulatory 
and  respiratory  organs  of,  396,  397 ; 
nervous  system  of,  397 ;  reproduction 
of,  398;  metamorphosis  of,  399;  dis¬ 
tribution  of,  in  space,  401  ;  distribution 
of,  in  time,  402  ,  orders  of,  402  et  sey. 
Insectivora,  general  characters  of,  851; 

families  of,  852  ;  (1 Cheiroptera ),  849. 
fnsessores  (see  Passe  res). 

Jntegropallialia,  455,  460. 

Invertebrata,  general  features  of,  514. 
Irish  Elk,  795. 

Irregular  Echinoids,  228. 

Isclilodus,  576. 


Isis ,  2oi. 

Isopoda,  330,  352 ;  general  characters  of, 
354  ;  groups  of,  355,  356. 

Itch-mite,  374. 

/  ulidir,  3S6. 
lulus ,  3S6,  387. 

Ixodes,  375. 

Ixodidce ,  374. 

Jabiru,  691. 

Jacana,  693. 

Jackals,  S29. 

Jackdaw.  701. 

Jaguar,  S34. 

Jay,  701. 

Jelly-fishes,  131,  137,  148,  160,  161. 

Jerboa,  S41,  S42. 

Jumping-hare,  842. 

Jumping-mouse,  842. 

Kakapo,  710. 

Kangaroo,  740. 

Ivangaroo-bear,  742. 

Kangaroo- rat,  741. 

Ive  rat  ode,  113. 

Keyhole  Limpets,  472. 

King-crabs,  349. 

Kingfishers,  705. 

King  Vulture,  713. 

Kinkajou,  823. 

Kiwi,  684. 

Koala,  742. 

Koleops,  2S3. 

Koodoo,  799. 

Labrax,  566. 

Lab  rid  to,  566. 

Labyrinthodon,  6 05 . 

Labyrinthodonts,  604. 

Lacerta,  634. 

Lacvrtidce,  634. 

Lacertilia,  613 ;  general  characters  of, 
629;  divisions  of,  632;  distribution  of, 
in  time,  632. 

Lady-birds,  422. 

L  ternary  us,  578. 

Lcemodi'poda,  353,  354. 

Lagena,  82,  87. 

Lagenidte,  86. 

Lagidiutn,  843. 

L  agamy  dee,  844. 

Layout  ys,  844. 

L  ago pus,  695. 

Lagostomus,  843. 

L atiiellib ranch iata,  446,  447,449;  general 
characters  of,  150 ;  of,  151  :  shell 
of,  451-454;  muscular  impressions  of, 
455 ;  digestive  system  of,  457  ;  respira¬ 
tory  organs  of,  458  ;  nervous  system  of, 
459;  divisions  of,  460;  distribution  of, 
in  time,  461. 

Lamellieorn  Beetles,  423. 

Fa m ellirost res ,  689. 

Liimmergeicr,  713. 

Lanina,  578. 

Lamnidce,  578. 

Lamprey,  556,  557,  558,  559,  560. 

Lamp  shells,  436. 

Lampyris,  422. 

Lancelot,  534,  545,  554;  structure  of,  555. 
Land-crabs,  363. 

Laud-planarians,  279. 
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Land-salamanders,  599. 

Land-tortoises,  620. 

Laniidoe,  702. 

Lanins,  700. 

Lantern-fly,  403. 

Laoinedea,  14S. 

Lapwing,  694. 

Laridce,  687. 

Larks,  703. 

Latisternal  Apes,  868. 

Leathery  Turtle,  619. 

Leech,  302  ;  anatomy  of,  304,  305. 
Leiodermatium,  120. 

Lemming,  S40. 

Lemur,  862. 

Lemuridce,  S60,  862. 

Lemurinai,  S62. 

Lemuroidea,  S59. 

Leopard,  834. 

Lepadidce,  331 ;  characters  of,  334 ;  dis¬ 
tribution  of,  in  space  and  time,  335. 
Lepas,  331,  334. 

Lepidechinus,  229. 

Lepidoganoids,  571. 

Lcpidoptera,  392,  397,  400,  402  ;  mouth- 
organs  of,  394;  characters  of,  415; 
groups  of,  416. 

Lepidosirun,  580,  581,  5S2;  characters  of, 
583. 

Lepidosteidce,  572. 

Lepidosteus,  535,  56S,  569,  571,  572. 
Lepidurus ,  344. 

Lepisma,  405. 

Leporidce,  844. 

Lcptocardii  (see  Pharyngobrancliii). 
Leptocephalus,  526. 

Leptoglossa,  631. 

Leptoptilus,  691. 

Lupus,  S44. 

Lemma ,  341,  342. 

Leslcia,  225. 

Lestosaurus,  635. 

Lesueria,  209. 

Leucandra,  123. 

Leuciscus,  .'>64. 

Leucones,  1 23. 

Lihcllvlidre,  410. 

Licberkiihnia,  78,  SO,  85,  S6,  87. 

Life,  nature  and  conditions  of,  7-12. 

Ligia,  356. 

Ligula,  207. 

Limaeidm,  474. 

Limacinidm,  478. 

Limapontia,  472. 

Limax,  474. 

Limicolm,  306. 

Lhnnadia,  344. 

Limncea,  475. 

Limnceidm,  474. 

Limnocodium,  152. 

Limnoria,  356. 

Litnnsa,  694. 

Limpet,  464,  472. 

Limulm,  349,  350,  351. 

Lingua  (Insects),  394. 

Lingual  Ribbon  (of  Mollusca),  467. 
Linguatulinm,  372. 

Lingula,  436,  137,  43S,  440,  441,  442. 
etfLiiujulidm,  441,  442. 

Linnets,  703. 

Li  unfa,  703. 

Lion,  S34. 


Lissotriton,  599,  G01. 

Lithistidm,  119. 

Lithobius,  386. 

Lithocysts,  161. 

Lithodes,  362. 

Lithodomus,  460. 

Littorina,  471. 

Littorinidce,  472. 

Lituites,  4o7. 

Liluola,  86. 

Lituolidm,  S6. 

Liver-fluke,  anatomy  of,  276 ;  development 
of,  276,  278. 

Living  bodies,  characters  of,  5. 

Lizards,  629. 

Llama,  791,  792. 

Lobster,  359  :  anatomy  of,  322-329. 
Lob-worm,  315. 

Locustidce,  409. 

Locust-shrimp,  357. 

Loggerhead  Turtle,  619. 

Loligo ,  490,  491. 

Lowjicornia,  422. 

Longirostres,  693. 

Longshanks,  694. 

Lonsdaleia,  1S8. 

Loon,  6S7. 

Lophiodon,  774. 

Lophius,  566. 

Lophobranchii,  567. 

Lophophore,  430. 

Lophopus,  42s,  430. 

Lophortyx,  695. 

Lophotragus,  793. 

Lnphyropoda,  329,  33S. 

Loricala  ( Reptilia ),  608. 

Loris,  863. 

Lory,  710. 

Louse,  403,  404. 

Loxia,  703. 

Loxodon,  811. 

Loxosoma ,  425,  432,  433. 

Lucernaria,  159,  160. 

Lucernariado 159. 

Lucrrnarida,  132;  general  characters  of, 
159;  umbrella  of,  100;  development  of, 
161-164. 

Luci nidce,  461. 

Luidia,  235. 

Lumbricidm,  309. 

Lumbricus,  anatomy  of,  30S,  309. 

Luscinia,  702. 

Lutra,  824. 

Lycaon,  S29. 

Lycosaurus,  646. 

Lyncus,  S35. 

Lynx,  835. 

Lyre-birds,  704. 

jUacacus,  SO 6. 

M'A  ndretcia,  120. 

Macaw,  709. 

Machairodus,  S16. 

Machetes,  694. 

Mach  ills,  405. 

Mackerel,  566. 

Maclurea,  475. 

M acrauchenia,  775. 

.1/ acraitcheniidir,  775. 

Macrobiut idm,  373. 

Macropodidtv ,  749. 

Macropus,  740. 
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Macroscelidce,  S57. 

M acroscelides,  857. 

Macrotherium,  754. 

Maerura,  350. 

j Mactridce,  461. 

Madreporaria.  182. 

Madreporidce ,  1S9. 

Madreporiform  tubercle  (see  Madreporite). 

Madreporite,  217;  of  Echinoids,  222;  of 
Asteroids,  233 ;  of  Ophiuroids,  237  ;  of 
Holothuroids,  256. 

Magpie,  701. 

Maia,  364. 

M  alacobdella,  2S2. 

Malacopteri,  563. 

Malacopterygii,  561. 

Malacostraca,  330;  characters  of,  352. 

Mallard,  690. 

Mallophaga,  404. 

Malpighian  tubes  (of  Arachnida),  360;  (of 
Insect  a),  395. 

Mammalia,  531 ;  general  characters  of, 
715;  osteology  of,  716;  cxoskeleton  of, 
716;  teeth  of,  725;  digestive  system  of, 
727  ;  respiratory  organs  of,  72S  ;  circula¬ 
tory  system  of,  72S  ;  reproductive  or¬ 
gans  of,  729  ;  primary  divisions  of,  732  ; 
orders  of,  733  ;  distribution  of,  in  time ; 
731. 

Mammoth,  S12. 

Manatee,  75S. 

Manatus,  717,  756,  75S. 

Mandibles,  of  Lobster,  324  ;  of  A  rachnida, 
367,  36S ;  of  Insecta,  393. 

Mandrill,  S66. 

Mangue,  831. 

Manidce,  751. 

Manis,  748,  750,  751. 

Mantis,  409. 

Mantle,  of  Brachiopoda,  438  ;  of  Mollusca, 
444  ;  of  Larne Uibranchiata,  450  ;  of 
Gastropoda,  462  ;  of  I’teropoda,  47S;  of 
Cephalopoda,  481 ;  of  Tunicata,  505. 

Marabou,  691. 

Mareca,  690. 

Marginal  bodies  of  Trachymedusce,  149, 
151;  of  A  craspeda,  161,  162. 

Marmoset,  863,  864. 

Marmot,  838. 

Marsipobranchii,  554;  general  characters 
of,  556  ;  families  of,  559. 

Marsupial  bones,  724,  737. 

Marsupialia ,  732;  general  characters  of, 
737;  families  of,  739;  distribution  of, 
in  space,  737 ;  distribution  of,  in  time, 

1 46. 

Marsupites,  251. 

Marten,  S26. 

Martin,  703. 

Mastax  of  Rotifers,  291. 

Mastodon,  811,  812. 

Maxillae,  of  Lobster,  324;  of  Arachnida, 
367  ;  of  Insecta,  393,  394. 

Maxillipedes,  of  Lobster,  326 ;  of  Centi¬ 
pedes,  385. 

May-flies,  410. 

Mazonia,  370. 

Meandrina,  189. 

Medusas,  131,  137  ;  Naked-eyed,  151;  Hid¬ 
den-eyed,  161. 

Medusiform  gonopliores,  131,  136,  139, 

147. 
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Mcgacemps,  775. 

Megaceros,  795. 

Mcgaclieiroptera,  S48. 

Megaderma,  849. 

Megalonyx,  754. 

Megalopa-stage  of  Crab,  364. 

M egalosaurus,  649. 

M rgalotis,  s29. 

Mcgalotrncha,  290. 

Megapodidce,  696. 

Megaptera,  761,  764. 

Megatherium,  754. 

Melania,  475. 

M  elaniadce,  471,  475. 

Meleagris,  695. 

Moles,  S24. 

Melicerta ,  290,  293. 

Melidce,  824. 

Meliphagidce,  703. 

Mcllivora,  824. 

Melonites,  229. 

Melursus,  x22. 

Mcnobranchus,  599. 

Menopoma,  591,  59S,  599. 

Mentum  of  Insects,  394. 

Menuridce,  704. 

Mephitis,  824. 

Merganser,  690. 

Mcrgulus,  6S7. 

Mergus,  690. 

Meropidce,  706. 

Mi  rostomata,  329;  characters  of,  348. 
Mesenteries,  of  Actinozoa,  176;  of  Actin- 
idoe,  179,  ISO  ;  of  Alcyonaria,  197. 
Mesoderm  of  Actinozoa,  127. 

Mcsohippus,  778. 

Mesoplodon,  767. 

Mesopodium,  463. 

Mesotliorax,  392. 

Mctacrinus,  250. 

Metamorphosis,  55;  of  Insects,  399. 
Metapodium,  463. 

Metathorax,  392. 

Metazoa,  24,  66. 

Mice,  839,  840. 

Microcheiroptera,  849. 

M  icrogromia,  85,  86. 

Microhydra,  132. 

M icrolestes,  731,  746. 

M  litas,  864. 

Midge,  415. 

M iliola,  SI. 

M iliolidas,  81,  86. 

Millepedes,  3S5,  386, '387. 

Millepora,  169,  170,  171. 

Mimicry,  30. 

Minins,  702. 

Mink,  826. 

Minnow,  564. 

Minyas,  177,  181. 

M iobasileus,  775. 

Miohippus ,  77S. 

Mites,  373,  374. 

Milo  alia,  209. 

Moa,  6S3. 

Mocking-bird,  702. 

Mole,  854. 

Mole-cricket,  393,  409. 

Mole-rat,  841. 

Mollusca,  general  characters  of,  444  ;  de¬ 
velopment  of,  447  ;  shell  of,  448;  divi¬ 
sions  of,  449. 
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MnllunenUlea,  general  characters  of,  424. 
Moloch,  6 
Molothrus,  705. 

M  olptadia,  258. 

Momotidce,  70(5. 

Monad  inellidce,  116,  117. 

Monads,  102,  103. 

Monera ,  72. 

Monitor,  034. 

Monkeys,  858,  863. 

Monk-fish,  578. 

M  onocystidca,  60. 

Monocyst  is,  60,  71. 

M  <  model j)hia,  732. 

Monodon ,  766. 

Monograptus ,  167,  168. 

Mo  no  me  roso  mat  a ,  372. 

Moiminyary  Bivalves,  455. 
Monothalamous  Foraminifera,  82. 
Monotremata,  718,  719,  720,  724,  720,  730, 
731,  732  ;  general  characters  of,  733*;  dis¬ 
tribution  of,  in  time,  736. 

Mopsea,  201. 

Morepork,  705. 

Mormon ,  687. 

Moropus ,  754. 

Morotherium ,  754. 

Morphological  type,  26. 

Morphology,  17. 

Morse,  S10. 

Mosasauria,  634. 

Jf osasaurus ,  634. 

Moschus ,  792,  796. 

Moseley  a,  106. 

Mosquito,  415. 

Motacilla ,  703. 

Motacillidcv ,  703. 

M  *  ither-c )f-pearl,  440. 

Moths,  416,  417. 

Motmots,  706. 

Moufflon,  709. 

Mound-birds,  606. 

Moving  filaments  of  Needham,  486. 
Mud-eel,  598. 

Mud-fish,  579. 

Mud-puppy,  500. 

Mud-turtles,  619. 

M ud-wonns,  306. 

Muyihdie ,  566. 

Mullet,  566. 

Multivalve  shells,  440,  476. 

Mungoos,  830. 

Muntjak,  796. 

.1/  a reenidee,  564. 

M  uric  idee,  471 . 

Moridiv,  839,  840. 

Mas,  840. 

M  uscicapa,  702. 

M uscicapidce,  702. 

Muse  id  a1,  415. 

M  ushroom-eorals,  180. 

Musk-deer,  796. 

Musk-ox,  800. 

Musk-rat,  840. 

M  usophayidev ,  705. 

Mussel,  460. 

.1/ ustela,  826. 

MustcUdev ,  823,  S25. 

M osteins,  578. 

M//n.  454,  460. 

Myacidce,  461. 

M y cotes,  864. 


M yet c ria,  601. 

M yet nd era,  598,  599 
Myyalidce ,  381. 

M i/iiobatidce,  579. 

M  yliobatis,  570. 

Mylodon,  754. 

My  odes,  810. 

Myogale,  853. 

Myoya l  idee,  S53 . 

M yomorpha,  S30. 

M  i/opotamus,  840. 

M yoxidee,  830. 

Myoxus,  837,  830. 

M yriapoda  (sec  Myriopoda ). 

Myriopoda ,  318;  general  characters  of,  383  ; 
distribution  of,  in  time,  3S5;  orders  of’ 
385-380. 

Myrmecobiidce,  743,  745. 

4/  //  cm ius ,  745. 

Mynnccophaya,  751. 

M yrmecophayidce,  750. 

Mynneleo,  305. 

M  yrmeleontidce,  410. 

Mysis.  357,  358. 

Mytiiidce ,  460. 

Mytilus ,  460. 

Myxine,  557,  559,  560. 

Myxinidce ,  556,  550,  560. 

M  yxodictyon,  72. 

M  yxosponyiiv,  113,  116. 

Myzostorna,  208. 

Myzostomida ,  29S. 

Nacreous  shells,  449. 

Xaididcv,  306,  300. 

Xaja.  627. 

Narwhal,  766. 

Xasua,  S23. 

X at  a  to  res,  6S5. 

X  otic  id  iv,  471. 

Natural  selection,  41. 

Nauplius,  336. 

Nautactis,  177,  181. 

X  a  of  Hid tv,  406,  407,  40S. 

Nautiloid  Foraminifera ,  S3. 

Nautilus  (Pearly),  482,  484,  487,  48$,  494, 
490  ;  (Paper),  487,  480. 

Nebalia,  344,  345. 

Xecrolemur ,  860. 

Xecrophorus,  423. 

Xectariniidce,  703. 

Nectocalyx,  of  Trachymedusir,  14$;  of 
L'alycophoridce ,  154  ;  distinguished  from 
the  umbrella  of  the  Acraspeda,  160. 

Ned  urns,  590. 

Needham,  moving  filaments  of,  486. 
Xematclmia,  265;  characters  of,  2S2. 
Nematocysts,  127. 

X e matoda,  2s3  ;  characters  of,  2S5  ;  par¬ 
asitic  forms  of,  286;  free  forms  of,  289. 
Nemertida,  278  ;  characters  of,  280 ;  dis¬ 
tribution  of,  2S1. 

Neocrinoids.  249. 

Xeolimulus,  351. 

X  eop/i  ron,  713. 

Xepa,  407. 

Xereidce,  315. 

X  ere  is,  314. 

Xeritido,  472. 

Nervures,  392. 

Xesodon,  805. 

X estvr,  710. 
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Nestoridce,  710. 

Neuropodium,  310. 

N europtera,  394,  402 ;  characters  of, 
409  ;  sections  of,  412. 

Newts,  599. 

Nidamental  ribhon,  470. 

Night-heron,  691. 

Nightingale,  702. 

Night-jar,  705. 

Noctiluca,  103. 

Noctuidas,  417. 

Nodosaria,  83,  S7. 

Nonionina,  S7. 

Nothosaurus,  044. 

Notochord,  510. 

Notodelphys,  592,  001. 

Notomnmtina,  293. 

Notonccta,  407. 

Notopodium,  310. 

Nototrema,  592,  595,  601. 

Nuclcob  ranchiata  (see  1 1 'eteropoda). 
Nucleolus  of  Paramoecium,  99. 

Nucleus,  of  Protozoa,  67  ;  of  Grcgarina, 
69;  of  Amoeba,  74  ;  of  Infusoria,  96; 
of  the  shell  of  Molluscs,  449. 

Nudib ranchiata,  472. 

Numenius.  694. 

Numida,  696. 

Nummulina,  87,  S9. 

Nummulitie  limestone,  S9. 

N ummulinidir,  S7. 

Nuthatch,  702. 

Nut /teles,  632. 

Nyetereutes,  829. 

Nyeteridce,  849. 

Nycticebince,  S62. 

N  ycticebus,  863. 

N yeticorax,  691. 

Nyctipithecus,  S65. 

Nymph,  400. 

Nymphon,  371. 

Obelia,  14S. 

Ocean  act  is,  177,  181. 

Oceanic  Ilydrozoa,  152. 

Octactiniaz,  197. 

Octacnemus,  511. 

Octodon,  842. 

Octodontidai,  S42. 

Octopoda ,  489. 

Octopodidat,  489,  490. 

Octopus,  -198. 

Ocultnidu,  189. 

Ocypoda,  363. 

Odobocnus ,  SI 9. 

Odontoceti,  764. 

Odontolcce,  678. 

Odontopliora,  449,  462. 

Odontophore,  467. 

Odontophor idee .  695. 

Odontopteryx,  667. 

Odontomithes ,  07S. 

Odontotomies ,  680. 

OHdemia ,  690. 

(Kclicnemus,  694. 

(Kdipoda,  409. 

Olfactory  tubercle  of  Tunicate?,  508. 
Oligochceta,  characters  of,  300;  distribu¬ 
tion  of,  in  space,  309. 

Oligoporus,  229. 

Onager,  778. 

Onchus,  570. 


Oncidiadce,  474. 

Oniscidce,  356. 

Oniscus,  356. 

Ontogenesis,  57. 

Onyclioplwra,  385  ;  characters  of,  387. 
Onychoteuthis,  482,  498. 

Ooecium  of  Polyzoa,  428. 

Opalina,  97. 

Operculata,  474. 

Operculum,  of  Balanidce,  333 ;  of  Gastro¬ 
poda,  463  ;  of  Fishes,  537. 

Ophiderpcton,  005. 

Ophidia,  613;  general  characters  of,  620; 
distribution  of,  in  time,  624 ;  groups  of, 
024. 

Ophioglyplia,  238,  239. 

Ophiomorplia,  596. 

Ophiophagus,  627. 

Ophinthrix,  239. 

Ophisaurus,  633. 

Ophiuridce,  239. 

Ophiuroidea,  21S,  219 ;  characters  of, 
236  ;  groups  of,  239. 

Opisthob ranchiata,  470  ;  characters  of, 
472. 

Opisthoccelia  ( Croeodilia ),  640. 
Opisthoglossa,  602,  603. 

Opisthoglypha,  628. 

Opossum,  743,  744. 

Opossum-shrimp,  357. 

Orang-utan,  869. 

Orbitoides,  S9. 

Orbitolites,  S6. 

Orbulina,  87. 

Orca,  706. 

Orchestia,  354. 

Oreaster,  236. 

Oreastridat,  235. 

Oreodon,  786. 

Oreodontidce,  785. 

Organ  of  Bojanus,  459. 

Organ-pipe  Coral,  199. 

Organic  and  inorganic  matter,  differences 
between,  2. 

Organs  of  the  mouth  of  Insects,  393. 
Orioles,  702  ;  (American),  703. 

Oriolidce,  702. 

Oriolus,  702. 

Ornithodelphia,  732,  733. 
Ornithorhynchus,  733,  734,  735,  736. 
Omithosauria,  646. 

Orohippus ,  774,  77S. 

Orthoceras ,  497,  499. 

Orthoceralidce,  499. 

Orthoptcra,  392,  394,  402  ;  general  charac- 
ters  of,  408. 

Ortonia,  313. 

Orlyx ,  095. 

Oryctcrnjrida’,  752. 

Orycteropus ,  752. 

Oscines ,  701. 

Oscula  of  Sponges,  110,  111. 

Os  merits,  504. 

Osprey,  712. 

Osteolepis,  509. 

Ostraciont idee,  566. 

Ostracodci,  329;  characters  of,  338. 
Ostracostei,  571. 

Ostrea,  458,  459,  400. 

Ostreidce,  400. 

Ostrich,  080,  6S1  ;  (American),  6S2. 
Otariadce ,  817,  818. 
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Otididce,  694. 

Otis,  694. 

Otter,  824. 

Oudenodon,  644,  645. 

Ounce,  834. 

Ovarian  vesicles  of  Sertularians,  145 
Ovibos,  SOO. 

Ovicells  of  Polyzoa,  428. 

Ovidce,  79S. 

Ovipositor  of  Insects,  393. 

Ovis,  799. 

Owls,  714,  715. 

Oxen,  799,  800. 

Oxyuris,  286,  287. 

Oyster-catcher,  694. 

Paca,  843. 

Paehydermata,  76S. 

Pachyglossa,  631. 

Paddle-fish,  572. 

Paguridce,  361. 

Pagurus,  361. 

Palceaster ,  236. 

Palcechinus,  229. 

Palceiehthyes,  554,  567. 

Palcemon,  359. 

Pakeoerinoids,  249. 

Palceodictyoptera,  402. 

Palceodiscus,  236. 

Palasonyctis,  816. 

Palceophis,  624. 

Palceophonus,  370. 

Palceotheridoe,  775. 

PalcKotherium,  775. 

Palamedea,  690. 

Palamedeidti’,  690. 

Palapterygidce,  684. 

Palapteryx,  684. 

Pah  minis,  359. 

Pallial  line  of  Bivalves,  455. 

Pallia]  sinus,  456. 

Palliobranchiata  (sec  Bracliiopoda). 
Pallium  (see  Mantle). 

Palmipcs,  235. 

PalpOc  ils  of  II y droids,  12S. 

Paludicella,  431,  433. 

Paludina,  475. 

Palud inidir,  472. 

Palythoa,  181. 

Pamphagu.8,  77. 

Panda,  823. 

Pandion,  712. 

Pandiones,  711,  712. 

Pangolin,  751. 

Panorpidai,  410. 

Panther,  834. 

/‘antopoda,  370. 

Paper  Nautilus  [see  Argonaut). 

Paract  inice,  ISO 
Paradiseidce,  702. 

Paradoxurus,  831. 

Paramacium,  structure  of,  97  ;  reproduc¬ 
tion  of,  99. 

Paramuricea,  197. 

Parapudia,  299,  310. 

Parastacidce,  360. 

Par idn1,  702. 

Parra,  693. 

Parrakeets,  710. 

Parrots,  70S,  709. 

Parthenogenesis,  52. 

Partridge,  695. 


Pams,  702. 

Passer,  703. 

Passeres,  6S5 ;  characters  of,  699 ;  groups 
of,  701.  1 

Patella,  464,  469. 

Patellida’,  472. 

Pauropoda,  3S5;  characters  of,  387. 
Pauropus,  3S3,  384,  387. 

Pavo,  695. 

Pavonaria,  200. 

Peacliia,  177. 

Pea-crab,  364. 

Pea-fowl,  695. 

Pear-encrinite,  250. 

Pearl-oyster,  460. 

Pearly  Nautilus,  4S1,  482,  4S4,  4SS;  struc¬ 
ture  of,  494  ;  distribution  of,  499. 
Peccary,  785. 

Peclen,  459,  460. 

Pecten  of  eye  of  Birds,  672. 

Pectinaria,  313. 

Pectinatella,  428. 

Pectunculus,  452. 

Pedalion,  293. 

Pedata  ( flolothuroidea ),  258. 

Pedetes,  S42. 

Pedicellarioe,  222,  231. 

Pediaellina,  431,  433. 

Pediculati,  566. 

Pediculidce,  403. 

Pediculus,  404. 

Pedipalpi,  377. 

Pelagia,  162. 

Pelagic  zone,  60. 

Pe  lag  idee,  161. 

Pelagnnemertes,  2S0,  2S1. 

Pe/ayone  inert  idee,  2S2. 

Pelias,  626. 

Pelican,  688. 

Pelicanidce,  688. 

Pelmatozoa,  219,  249. 

Pe.lomyxa,  74,  76. 

Pelonaia,  448,  511. 

Peltogaster,  336. 

Pen  of  Cuttle-fishes,  487. 

Pence us,  359. 

Peneroplis,  S6. 

Penguin,  685,  686. 

Peniculus,  341. 

Pennatula,  200,  201. 

Punnatulidce,  198;  characters  of,  199. 
Pentacrinus,  245,  246,  250. 

Pcntamcra  (Culeoptera),  422. 
J'entameridce,  441. 

Pentastoma,  373. 

Pentastom  id  a,  37  2. 

Pentatoma,  408. 

Pentremites,  253. 

Pcramelida’,  743,  744. 

Peratherium,  747. 

Perea,  566, 

Perch,  566. 

Perehers,  699. 

Percidas,  566. 

Perdicidce,  695. 

Perdix,  695. 

l’erennibranchiate  Amphibians,  595,  59S. 
Perforata  (Furaminifera),  SI;  (Corals), 
1S9. 

Pericardium,  of  Crustacea,  S27 ;  of  Mol- 
lusca,  445. 

Pcridinium,  95,  96. 
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Perigastric  space  of  Polyzoa ,  431. 
Perigonimus ,  50,  51. 

Periostracum,  440. 

Peri  pat  us,  388.  380. 

Perischoechinidcc ,  229. 

Perissodactyla ,  760. 

Peristome,  of  Vorticclla ,  100  ;  of  the  shell 
of  Gastropods,  465. 

Peristomial  space  of  Actinidce,  ITS. 
Perivisceral  space  of  Actinozoa ,  174. 
Periwinkle,  472. 

Perlidce,  410. 

Perodicticus ,  863. 

Perophora,  510. 

Peropoda ,  628,  629. 

Pet  aunts,  743. 

Pet  raster,  236. 

Petrel,  6S7. 

Pctrogale,  741. 

Petromyzon,  560. 

Pc  ^ ro  myzon  id ce,  559. 

Pezophajys,  690. 

Phacochcerus,  7S5. 

Phcenicopteridce ,  600. 

Phcenicoptcrus,  690. 

Phaeton ,  689. 

Phalacrocorax ,  OSS. 

Phalangers,  742. 

Phalangidea,  375. 

Phalangista,  743. 

Phalangistidce ,  742. 

Phalangium ,  376. 

Phanogenia,  240. 

Pharetrones ,  122. 

PA « ryngob ranch  i i,  554. 

Pharyngognathi,  566. 

Pharynx,  of  Tunicates,  506;  of  Lancelet, 
555. 

Phascolarctos,  742. 

Phascolomys ,  739,  740. 

Phascolotherium,  731,  747. 

Phasian  idee,  695. 

Phasdanus,  695. 

Phasmidce,  409. 

Pheasant,  695. 

Phoca,  818. 

Phoccena ,  765,  766. 

Phocido’,,  818. 

Pholadid(r ,  440,  461. 

P kolas,  452,  460. 

Phorrnosoma,  228,  230. 

Phoronis ,  208. 

Phoximis ,  564. 

Phraginacone,  448 ;  of  Spvrula,  492 ;  of 
Belernnite,  493. 

Phryganeidce,  410. 

Phrynidea .  379. 

Phrynus,  379,  380. 

Phthirius,  404. 

Phylaetohematous  Polyzoa,  433. 
Phyllidiadce,  472. 

P hyllirhoidce,  472. 

Phyllocarida ,  345. 

Pliyllocyst,  154. 

Phyllopoda,  329 ;  characters  of,  344. 
Phyllosoma,  359. 

Phyllostoma,  851. 

Phyllostomidce ,  S49,  851. 

Phyogcmmaria,  158. 

Physa,  475. 

Physalia ,  156,  157,  158. 

Phy sains,  764. 


Physcter,  764. 

Physeterida \  764. 

Physiological  selection,  44. 

Physiology,  17. 

Physoplwra,  158. 

Physophoridce ,  152;  characters  of,  156; 

reproduction  of,  158. 

Physostomi ,  563. 

Pica,  701. 

Picarice,  704. 

Picidce,  707. 

Picoidece,  706. 

Piddock,  461. 

Pier  is,  415. 

Pigeons,  696,  697,  698. 

Pika,  844. 

Pike,  564. 

Pilidivm ,  2S1. 

Pill-millepede,  3S7. 

Pinna,  46i0. 

Pinnipedia ,  816. 

Pinnotheres,  364. 

Pipa ,  595,  602. 

Pipe-fish,  567. 

Pipistrelle,  850. 

Pipit,  703.  r  coo 

Pisces,  529 ;  general  characters  of,  o33 ; 
scales  of,  533,  534  ;  skeleton  of,  535  ; 
skull  of,  536;  limbs  of,  541;  tail  of, 
543  ;  visceral  arches  of,  53S ;  respiratory 
organs  of,  545  ;  heart  and  circulation  of, 
547 ;  digeslive  system  of,  549  ;  swim- 
bladder  of,  551 ;  nervous  system  of, 
551 ;  reproductive  organs  of,  552 ;  orders 
of,  554. 

Piscicola,  303,  306. 

Pithecia,  805. 

Pithechidce,  865. 

Pithecus,  869. 

Pittidce,  704. 

Placenta,  731. 

Placental  Mammals,  731. 

Placoderms,  571. 

Placodus ,  645. 

Placoid  scales  of  Fishes,  534. 

Placoidei ,  572. 

Play iaulax ,  731,  747. 

Plagiostomi ,  576,  577. 

Planarida,  278,  279. 

Planorbis,  465,  475. 

Plantain-eaters,  705. 

Plantigrade  Carnivora,  820. 

Plant-lice,  406,420 ;  parthenogenesis  of,  53. 
Plants  and  animals,  differences  between,  19. 
Planula,  140. 

Plasmodium,  15. 

Plasmopora,  205. 

Plastron,  617. 

Platalea,  692. 

Plataleidce,  691. 

Platanista,  766. 

Plat  gee  re  idee  ,709. 

Platyelmia,  265. 

Platyrhina,  863,  864. 

Plecotus ,  850. 

Plectognathi ,  566. 

Plcsia  rctomys ,  837. 

Plesiosauria,  644. 

Plesiosaurus,  64  3,  644. 

Plethospongice ,  116. 

Pleura  of  Lobster,  322. 

Plcurubrachia,  206,  209 
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Pie urobranchidre,  472. 

Pleuronectes ,  5(35. 

Pleuronectidoe,  565. 

Pliohippus,  779. 

Pliopithecus,  S63. 

Plotactis,  181. 

Plotus,  089. 

Ploughshare-bone,  050. 

Plovers,  694. 

Plumaster,  236. 

Plumularia,  145. 

Pluteus,  228. 

Plyctolophidce,  709. 

Pneumatic  filaments  of  Physophorhlce,  157. 
Pneumatocyst,  156. 

Pneumatophore,  15(5. 

Pneumodermon,  478. 

Pneumonophora  (Ilolot  huroidea),  250, 
258. 

Pochard,  090. 

Pocillopora,  187,  189. 

Podargus,  703. 

Podiceps,  687. 

Podicipitidce,  6S7. 

Podophrya,  101. 

Podophthalmate  Crustaceans,  350. 
Podosomata,  370. 

Podurce,  393,  405. 

Po  'e  bro I  he  Hum,  792. 

Pcecilasma,  331. 

Poephaga  ( Marmpialia ),  740. 

Poephagus,  800. 

Polecat,  826. 

Polian  vesicles,  225. 

Pollutes,  54. 

Polyarthra,  293. 

Polychceta,  characters  of,  309. 
Polycystina,  91,  92. 

Polydesmus,  386. 

Polygastrie  Animalcules  of  Ehrenberg,  99. 
Polygordius,  310. 

Polynoe,  311,  315. 

Polyodnn,  509,  571,  572. 

Polypary,  130. 

Polype,  170. 

Polypide,  425. 

Polypidom,  130. 

Polypite,  129. 

Polyplacophora,  475. 

Polyplectrotl,  095. 

Polyprotodontia,  739,  713. 

Polypterus,  568,  569,  570,  571,  572. 
Polystome  Infusoria,  101. 

Polystomclla,  85,  87. 

Polythalainous  Foraminifera,  82. 
J'olytremaeis,  205. 

Polyzoa,  characters  of,  424  ;  typical  poly¬ 
pide  of,  42(3 ;  cells  of,  428  ;  lophophore 
of,  430  ;  endosarc  of,  431;  reproduction 
of,  432;  groups  of,  433 ;  distribution  of, 
iu  space  and  time,  434. 

Polyzoarium,  425. 

Pond-snails,  474. 

J'nntarachna,  374. 

J'ontobdella,  303,  300. 

Pontoporeia,  766. 

Porbeagle,  578. 

PorccUana,  302. 

Porcellanous  shells,  449. 

Porcupine,  842. 

Porous,  785. 

Pores  of  Sponges,  110. 


Pnrifera,  characters  of,  107;  classifica¬ 
tion  of,  115, 

Poritidas,  189,  190. 

Porpita ,  156. 

Porpoise,  765. 

Port  Jackson  Shark,  577. 

Portuguese  Man-of-war,  152,  158. 
Portunus,  364. 

Potamochoerug,  785. 

Potamoyale,  851,  855. 

Potamogalidce,  855. 

Pouched  Marmots,  S3S. 

Pouched  Rats,  S40. 

Poulpe,  490. 

Prairie-dog,  838. 

Pratincole,  694. 

Prawn,  359. 

Praya,  151,  155. 

Presbytis,  867. 

Prestwichia,  351. 

Priapulus,  298. 

Primates,  characters  of,  S5S,  S59  ;  divi¬ 
sions  of,  859. 

Primnoa,  197. 

Priodontes,  754. 

Prist  idee,  579. 

Pristis,  579. 

Proboscidea,  characters  of,  807;  living 
types  of,  810  ;  extinct  types  of,  811,  812° 
Proboscis  Monkey,  867. 

Procellaridce,  687. 

Prochilus,  822. 

Proccelian  Crocodiles,  G41. 

Procyon,  S23. 

Procyonidai,  S23. 

Productidoe,  441,  442. 

Proglottis,  266,  267  ;  structure  of,  20S. 
Prologs,  416. 

Prong-buck,  797,  79S. 

Propodium,  463. 

Propora,  205. 

Prorastomus,  759. 

Proscolex,  271. 

Prosimil,  S59. 

Prosobranchiata,  470. 

Prostomium,  of  Planarians,  279;  of  Anne- 
lides,  299;  of  Earth-worm,  300. 
Protamoeba,  72. 

Protaster,  239. 

Proteles,  S31. 

Protclidce,  S31. 

Proteotepas,  335. 

Proteroglossa,  002,  004. 

Proteroglypha,  627. 

Prate rosa aria,  631,  634. 

Proterosaums,  034. 

Proteus,  598. 

Proteus-animalcule,  73. 

Prothorax,  392. 

Pratococcm,  20. 

J'rutogenes,  72. 

Protohydra,  132. 

Prutolabis,  791. 

Prutomyxa,  73. 

Protoplasm,  8,  9. 

Protopodite,  323. 

Protopterus,  579,  5S1,  5S2,  5S3. 

Protozoa,  24  :  general  characters  of,  06 : 

classification  of,  68. 

Froventriculus  of  Birds,  667. 

Protracheata,  3,89. 

Pseudembryo  of  Ecliinoderms,  217. 
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Pseudobranchia,  547. 

Psetulochlamys,  77. 

Pseudobsemal  system  of  Annelides,  300; 

of  Leech,  305  ;  of  Earth-worm,  308. 
Pseudohearts  of  llrachiopoda,  430. 
Pseudonavieelhv,  71. 

Pseudopodia,  0,  14,  6S,  73,  70,  7S,  80. 
Pseudopus,  033. 

Pseudoseorpionidce,  37 0. 

Pse  udoneuroptera  ,410. 

Psittaci,  70S. 

Psittacida’,  700. 

Psittacus,  709. 

Psolus,  254,  257,  259. 

Psorospermice,  71. 

Ptarmigan,  095. 

Pteranodon,  04S. 

Pteraspis,  571. 

Pterichthys,  571. 

Pteroclidce,  096. 

Pterodactylus ,  648. 

Pteromys,  838. 

Pteronareys,  397. 

Pteropoda,  449;  general  characters  of, 
477  ;  orders  of,  479  ;  distribution  of,  in 
time,  480. 

Pteropodidce,  847,  S4S. 

Pteropus,  848. 

Pterosauria,  046. 

Pterygotm,  352. 

Plilocercus,  S57. 

Ptilodictya,  434. 

Ptilograptus,  167,  1GS. 

Ptilopora,  434. 

Ptychoceras,  497,  500. 

Puff-adder,  626. 

Pultin,  6S7. 

Pulex,  412. 

Pulicidce,  412. 

Pulmogastropoda,  470,  473. 

Fulmonate  Gastropods,  473. 

Pulnwnifera,  470. 

Pulmotraehearta,  380. 

Puma,  834. 

Pupa,  399,  400. 

Pupa,  475. 

Pupipara,  414. 

Purples  of  wheat,  2S9. 

Putorius,  826. 

PycnogonUIa,  370. 

Pycnugonum,  371. 

Pygidium  of  Trilobites,  34S. 

Pyralidas,  417. 

Pyramidellidte,  471. 

Pyrgia,  190. 

Pyrgita,  703. 

Pyrosoma,  510,  511. 

Pyrrhvla,  703. 

Python,  022,  623,  029. 

Pythonidce,  029. 

Quadrate  bone,  522. 

Quadrula,  77. 

Quadrumana,  859. 

Quagga,  778. 

Quail,  696. 

Querqedula,  690. 

Rabbit,  844. 

Racoon,  823. 

Radiata,  124. 

Radiolaria,  08  ;  characters  of,  89. 


Radula,  467. 
llctia,  579. 

Raiiaas,  579. 

Rail,  693. 

Rallies,  693. 

Rana,  003. 
lianidee,  603. 

Raptores,  685;  characters  of,  710;  groups 
of,  711. 

Rasores,  6S5,  694. 

Rat,  840. 

Rate],  824. 

Ratitce,  676 ;  characters  of,  680. 
Rattlesnake,  630. 

Raven,  701 . 

Rays,  57S,  570. 

Razor-bill,  6S7. 

Razor-shells,  461. 

Red  Coral,  201. 

Red-deer,  795. 

Redshank,  694. 

Redstart,  762. 

Regnum  Protisticum,  19. 

Regular  Echinoids,  22S. 

Regulus,  702. 

Reindeer,  796. 

Re  it  ilia,  201. 

Reproduction,  general  phenomena  of,  45  ; 

sexual,  46  ;  non-sexual,  47. 

Reptilia,  530,  531 ;  general  characters  of, 
607;  circulatory  organs  of,  609;  orders 
of,  613. 

Respiratory  tree  of  Holothunans,  256. 
Respiratory  tubes  of  Rotifera,  292. 
Reticularia,  78,  86. 

Reversed  shells,  467. 

Rhabdocoel  Planarians,  2S0. 

Rhabdnnema,  2S9. 

Rhabdophora,  166. 

Rhabdopleura,  429,  431,  433. 
Rhamphastidce,  707. 

Rhamphorhynchus,  647,  64S. 

Rhea,  682. 

Rhcidce,  682. 

Jilt  ina,  578. 

Rhinatrema,  597. 

Jilt  i it  idee,  578. 

Rli  inobatidee,  579. 

Rhinobatis,  579. 

Rhinoceros.  770,  771,  772. 

Rhinoccrotidie,  770. 

Rhinodon,  578. 

Rhinodnnlida!,  578. 

Rhinolophidce,  849. 

Rh  inolophus,  849. 

Rhinophrynus,  602,  604. 

Rhipidogoryia,  202. 

Rhizocephala ,  333;  characters  of,  33j. 
Jihizocriniis,  245,  250. 

Jih  izophaya  (Marsupialia),  730. 
Jlhizopoda ,  characters  of,  72. 
Rhizostoma ,  104. 

Rhlzodomatci,  100,  101. 

Rhodope ,  472. 

Rhombus ,  505. 

Rhopalocerci .  416. 

Rhyne liobdellid in,  300. 

Rhynchocephalia ,  637,  045. 

Rhynchoceht  707. 

Rhynchonella ,  442. 

Rhynchonellidoe ,  437,  441,  442. 

Rh ynchophora ,  422. 
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Rhynchosaurus,  63S,  645. 

Rhynehota,  405. 

Rhytina ,  759. 

Rhyzama,  S31. 

Ribbon-worms,  2S0. 

Right  Whale,  762. 

Ringed  Snake,  (129. 

River-snails,  472. 

Roach,  564. 

Robin,  702;  (American),  702. 

Robulina,  S3. 

Rock-kangaroo,  741. 

Rock-slater,  356. 

Rock-snakes,  629. 

Roebuck,  795. 

Rodentia,  general  characters  of,  835; 
groups  of,  837  ;  distribution  of,  in  space 
and  time,  837. 

Rook,  701. 

Rorqual,  764. 

Rot  of  Sheep,  276. 

Rutalia,  84,  S5. 

Rotalidce ,  85. 

Rotatoria  (see  Rot  if  era). 

Rotifera,  265  :  characters  of,  289  ;  digestive 
system  of,  291  ;  reproduction  of,  292. 
Round- worms,  2S5. 

Rucervus,  794. 

Ruff,  694. 

Rugosa ,  177  ;  characters  of,  194  ;  affinities 
of,  192 ;  distribution  of,  in  time,  197. 
Ruminantia,  76S  ;  characters  of,  7S6 ; 
stomach  of,  7S7 ;  dentition  of,  7S9 : 
families  of,  790. 

Rupicapra,  798. 

Rusa,  794. 

Ruticilla,  702. 

Sabella,  312. 

Sabi  liana ,  312. 

Sabellidce,  313. 

Sable,  826. 

Saccammina,  8S. 

Sar.cosoma  251. 

Sacculina,  336. 

Sacred  Ibis,  692. 

Seen  under,  306. 

Sagitta,  315,  316. 

Saki,  865. 

Salamanders,  598,  599. 

Salamandra,  599. 

Sal/ it o,  564. 

Salmon,  564. 

Salmonidtc,  564. 

Satpa,  504,  SOS,  510,  511. 

Sand-crab,  363. 

Sand-grouse,  696. 

Sand-hopper,  354. 

Sand-lizard,  634. 

Sand-martin,  703. 

Sand-piper,  694. 

Sand  stars,  236. 

Sand-worms,  301. 

Sanguimga,  304. 

Sapajou,  864. 

Barcode,  67. 

Sarcodictyon,  199. 

Sarcodina,  72. 

Sareoplmga  ( Marsvpialia ),  745. 
Sarcnphyton,  199. 

Sarcoysylla,  412. 

Sarcoptes,  371. 


Sarcorhainphus,  713. 

Sauranodon ,  643. 

Saurillus,  632. 

Sauropsula,  531,  607. 

Sauropterygia,  643. 

Saurornilhes,  676,  077. 

Saururce,  677. 

Saw-fish,  579. 

Saw-flies,  41S. 

Saxicola,  702. 

Scale-insects,  407. 

Scallop,  460. 

Scalops,  S54. 

ScalpMuni,  335. 

Sea  mores,  685. 

Scaphirhynchus,  571,  572. 
Scaphognathite,  326. 

Scaphopoda,  477. 

Scaup-duck,  690. 

Sch  izognathce,  659. 

Schizopoda,  330;  characters  of,  357. 
Scincidce,  633. 

Scincux,  633. 

Sciuridce,  831. 

Sciuromorpha,  837. 

Sciuropterus,  S3S. 

Sciurus,  837. 

Sclerenchyma,  183. 

Solerites,  202. 

Sclerobasica  (Zoantharia),  181. 
Selerobasic  coralla,  1S2,  183. 
Sclerodermata  ( Zoantharia ),  1S2  ;  groups 
of,  1S9. 

Sclerodermic  coralla,  1S3. 

Sclerostoma,  287. 

Scolecida,  263;  characters  of,  265. 

Scolex,  271. 

Sco  lop  acid  tv,,  693. 

Scolopax,  694. 

Scolopendra,  3S6. 

Scomber,  566. 

Scomberidce,  566. 

Scorpiodea ,  377. 

Scorpion,  370,  377,  37S,  379. 

Scorpion-flies,  410. 

Scoter-duck,  690. 

Screamer,  690. 

Scutigera,  3S4. 

Scyllaridtx,  321. 

Scyllklae,  57S. 

Scyllium,  57S. 

Scyphistoma,  164. 

Scypho  medusae,  159. 

Sr y th  rops,  7 05. 

Sea-anemones,  177,  ISO,  181. 

Sea-bream,  566. 

Sea-centipedes,  315. 

Sea-cows,  758. 

Sea-cucumbers,  254. 

Sea-firs,  143. 

Sea-hares,  472. 

Sea-horses,  567. 

Sea-lemons,  472. 

Sea-lions,  SIS. 

Sea-mouse,  315. 

Sea-otter,  S24. 

Sea-pens,  199. 

Sea-shrubs,  201. 

Sea-slugs,  472. 

Sea-spiders,  871. 

Sea-trout,  564. 

Seals,  816,  SIS. 
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Secretary  Bird,  713. 

Segmental  organs,  of  Annelides,  300;  of 
LI irudinea,  302 ;  of  Medicinal  Leecli, 
305  ;  of  Oligochceta,  307  ;  of  Earth¬ 
worm,  309  ;  of  Polychsetous  Annelides, 
311. 

Selache,  57S. 

Selaehii,  577. 

Selenaria,  427. 

Selenodontia,  781,  7S6. 

Semnop ithecidce,  866,  S67. 

Semnupithecus,  867. 

Sepia ,  498. 

Sepiadiv,  490,  500. 

Sepiola,  498. 

Sepiostaire,  487. 

Septa,  of  Corals,  185 ;  of  the  shell  of  Tetra- 
branchiate  Cephalopods,  496. 

Serpent  art  us,  713. 

Serpula,  312. 

Serranidce,  529. 

Sertularida,  142 ;  characters  of,  143 ; 

polypites  of,  144  ;  reproduction  of,  145. 
Sexual  selection,  43. 

Sharks,  577,  578. 

Sheat-fishes,  564. 

Sheep,  798,  799. 

Sheep-ticks,'  415. 

Sheldrake,  690. 

Shell,  of  Mollusca,  448,  449 ;  of  Lamelli- 
branchiata,  451  ;  of  Gastropoda,  463  ; 
of  l'olyplacophora ,  476  ;  of  Scaphopuda, 
477  ;  of  Pteropoda,  479 ;  of  Cephalo¬ 
poda,  4S7  ;  of  female  Argonaut,  488, 
489  ;  of  Spirilla,  492  ;  of  Pearly  Nau¬ 
tilus,  492  ;  of  Tetrabranchiata,  496  ;  of 
Brachiopoda,  436. 

Sheltopusik,  632. 

Ship-worm,  461. 

Shore-crab,  364. 

Shore-hopper,  354. 

Shoveller,  690. 

Shrew-mice,  852. 

Shrew-mole,  854. 

Shrike,  702. 

Shrimp,  360. 

Sialidce,  410. 

Siamang,  869. 

Sicula  of  Graptolites,  167. 

Siebuldia,  599. 

Siluridw,  564. 

SUurus,  564. 

Simla,  869. 

Simioidea,  859,  863. 

Simosaurus,  644. 

Simplicidentate  Rodents,  836,  S3  < . 
Sinupallialia  ( LamelUbranchiata ),  456, 
461. 

Siphonida  ( LamelUbranchiata ),  4oO. 
Siplwnodent  alia  in,  477. 

Siphonophora,  132  ;  general  characters  of, 
152. 

Siphonops,  597. 

Siphonostomata  {Gastropoda),  466,  471, 

Siphons  of  Lainellibranchiata,  451,  459  , 
of  Gastropoda,  40s,  471. 

Sipliuncle  of  the  shell  of  Nautilus,  494. 
Sipunculoidea,  296. 

Sipuncuius,  297,  298. 

Siredon,  600. 

Siren,  598. 


Sirenia,  716,  723,  725  ;  general  characters 
of,  755  ;  distribution  of,  in  time,  759. 
Sirex,  418. 

Siricidce,  41S. 

Siskin,  703. 

Sitta,  702. 

Sivatheriuin,  800. 

Skates,  579. 

Skink,  633. 

Skunk,  824. 

Skylark,  704. 

Slaters,  355,  356. 

Sloth,  74S,  749,  750. 

Sloth-animalcules,  373. 

Slow  Lemurs,  862. 

Slow-worm,  633. 

Slugs,  473,  474. 

Smelt,  564. 

Smooth  Snake,  629. 

Smynthurus,  405. 

Snails,  473,  474. 

Snake-birds,  6S9. 

Snakes,  020. 

Suapping-turtle,  619. 

Snipe,  694. 

Soft  Tortoises,  619. 

Solan-goose,  689. 

Solanocrinus,  251. 

Solaster,  231,  235. 

Sole,  565. 

Solea,  565. 

Solenidce,  461. 

Solenodon,  852,  855. 

Solenoglypha,  624. 

Solenostorna,  567. 

Solidungula,  776. 

Solitaire,  699. 

Solpugidea,  376. 

Somateria,  690. 

Somatocyst,  153. 

Somite,  318. 

Sorex,  852. 

Soricidce,  852. 

Spalacidce,  841. 

Spalax,  841. 

Sparidce,  566. 

Sparrows,  703. 

Spatangidce,  228. 

Spatula,  690. 

Spatularia,  572. 

Species,  definition  of,  35;  origin  of,  39 
ct  seq. 

Spectacled  Bear,  822. 

Spectacled  Snake,  627. 

Spengel’s  Organ,  469. 

Spermatophores  of  Cephalopods,  486. 
Spermophilus,  838. 

Sperm-whale,  764. 

Sphajridia,  222. 

Sphcerogastra,  380. 

Spho  roma,  356. 

Splicerozoum,  92. 

Spluerula ria ,  284. 

Sphagodus,  576. 

Spliargis,  619. 

Spheniscidce,  685. 

Sgheniscus,  686. 

Splienodon,  630,  637,  638,  645. 

Sphingidce,  417. 

Split  ngurus,  842. 

Spicula,  of  Sponges,  113,  117, 118, 119, 120, 
122;  of  Aleyonium,  199;  of  Tubipora, 
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ooo  ’  °f  Corallium<  201 ;  of  Gorgonidce, 

Spider-crabs,  364. 

Spider-mites,  374. 

Spider-monkey,  864. 

Spiders,  366,  367,  370;  characters  of,  3S0 ; 

web  of,  382. 

SpinacidcB,  57S. 

Spinnerets,  of  Spiders,  3S1 ;  of  Cater¬ 
pillars,  395,  416. 

Spiri/eridm,  441,  442. 

Spirorbis,  312,  313. 

Spirilla,  487,  492,  49S. 

Spirulidm,  492. 

Sponge-cells,  108. 

Sponges,  characters  of,  107;  histological 
elements  of,  109  ;  canal  system  of,  110  ; 
skeleton  of,  113;  reproduction  and  de¬ 
velopment  of,  113-115;  classification  of 
115  ;  groups  of,  116. 

Spongilla,  114,  118. 

Spoon-bill,  691,  092. 

Spoon-worms,  296. 

Sporosae  of  Hydroid  Zoophytes,  135 
Spring-tails,  404. 

Squalodon,  767. 

Squalodontidce,  766. 

Squamata  (Reptilia),  60S. 

Squid,  490. 

Squilla,  357. 

Squirrel,  838. 

Squirrel  Monkey,  864. 

Staggers  of  Sheep,  274. 

Stagonolepis,  640. 

Staphylinidre,  423. 

Starlings,  703. 

Star-nosed  Mole,  854. 

Statoblasts  of  Polyzoct,  432. 

Stauria,  195. 

Stauridce,  197. 

Stauridla,  139. 

Steatornis,  705. 

Steganophthalmate  Medusa',  161. 
Steganopodes,  688. 

Stegocephala,  004. 

Stellerida  (see  Asteroulca). 

Stellio,  036. 

Stem-muscle  of  Vorticella,  100. 

Stenaster,  236. 

Steneofiber,  837. 

Steneosaurus,  610. 

Stenops,  862,  363. 

Stenostomata  ( Ctenophora ),  209. 

Stentnr,  100,  101. 

Stcphanoceros,  290,  293. 

Stepha  nosey jih  us,  148. 

Stcreognathus,  731. 

Sternaspis,  298. 

Sternum,  of  the  somite  of  Crustaceans, 
322;  of  Mammals,  718. 

Stick-insects.  409. 

Sting-rays,  579. 

Stock-dove,  698. 

Stolons,  of  To  ram  itiifcra,  s*2;  of  social 
Ascidians,  510. 

Stomatnpoda,  330;  characters  of,  357. 
Stone-chat,  702. 

Stone-flies,  410. 

Stork,  691. 

St  reps i las,  094. 

Strc/isi/itera,  392;  characters  of,  42o. 

Striges,  711. 


Strigidce,  712. 

Strii/opidce,  710. 

Strigops,  710. 

Strix,  712. 

Strobila,  of  Aurelia,  164;  of  Tceniada, 
Stromatopora,  173. 

Stromatoporoidea,  132 ;  characters  of, 

Stronibidce,  462,  471. 

Strophomenidce,  441,  442 
Struthio,  681. 

Struthiones,  6S1. 

Struthionidce,  681. 

Sturdy  of  Sheep,  274. 

Sturgeon,  568,  569,  570,  571. 

Sturnidce,  703. 

Stumus,  703. 

Styela,  510. 

Stylaster,  172. 

Stylasteridce,  171. 

Stylinndontidai,  S03. 

Styliola,  4S0. 

Stylops,  421. 

Sub-brachiata,  565. 

Sub-kingdoms,  34. 

Sucking-fishes,  566. 

Suctoria  (Infusoria),  101. 

Suida,  7S3. 

Sula,  689. 

Sun-animalcule,  93. 

Sun-bear,  S22. 

Sun-birds,  703. 

Suricate,  S31. 

Surinam  Toad,  602. 

Sus,  7S3,  785. 

Swallow,  703. 

Swan,  690. 

Swifts,  70S. 

Swim-bladder  of  Fishes,  551. 

Swimmerets  of  Lobster,  327. 
Swimming-bells  of  Oceanic  Uydrozoa, 

Sycnnes,  123. 

Syllis,  314. 

Sylvia,  702. 

Sylviidce,  702. 

Symbnrodon,  Tib. 

Sympodium,  199. 

Synaptictilse,  186. 

Synapta ,  25S. 

Synaptidiv,  257. 

Syngnathidce,  567. 

Synthetic  types,  62. 

Syrinx,  673. 

Syrnium,  712. 

Tabamdce,  415. 

Tabula-  of  Corals,  ISO 
Tabulata.  1S6,  190. 

Tabulate  Corals,  1S6. 

Tacliyglossus,  736. 

Tacliypetes,  689. 

Tadorna,  690. 

Tadpole,  593,  594. 

Ttfiiia,  272,  273,  274. 

1  aniiada.  characters  of,  265,  266;  ana¬ 
tomy  of,  267-269  :  development  of,  269- 
272;  types  of,  272-274. 

Talitrus,  354. 

Talixi,  S54. 

Talpidtv,  853. 
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Tamandua ,  751. 

Tamm s,  8:3 S. 

Tanager,  703. 

Ta  nag r idee,  703. 

Tanais ,  350,  357. 

Tanrec,  S55. 

Tantalus ,  601. 

Tape-worms,  205  et  scq. 

Tapir.  773. 

Tapir  idee,  773. 

Ta  pirns,  773,  774. 

Tar  dig  rad  a,  373. 

Tarsi  idee,  860,  SOI. 

Tarsipes ,  737,  743. 

Tarsius ,  S61. 

Taxidea ,  S24. 

Teal,  090. 

Tectibranchiata,  472. 

Teguexin,  634. 

Tcleodactgla,  770. 

Teleosaurus ,  040. 

Teleostei ,  554;  characters  of,  560;  sub¬ 
orders  of,  603. 

Telephones,  422. 

Telerpeton ,  632. 

Tellinidce,  461. 

Telson,  of  Crustacea,  3*21 ;  of  Lobster, 
327  ;  of  Scorpion,  378. 

Tenebr ion  idee,  422. 

Tenrec,  8 55. 

Tentacles,  of  Ccelentcrata ,  125  ;  of  Hydra , 
133  ;  of  Tubularia,  141 ;  of  Traehymcdu- 
ste,  149,  151:  of  Caly  cop  hor  ulce,  153; 
of  Physoplioridce,  158;  of  Actinidee, 
178;  of  Alcyonaria,  107;  of  Pleuro- 
brachia ,  207 ;  of  llolothuroidea,  254  ; 
of  Polyzoa ,  430 ;  of  Cuttle-fishes,  4S2  ; 
of  Nautilus,  495;  of  Tiuiicates,  506. 
Tentaculites ,  480. 

Tenthredinidce,  418. 

Tenuirostral  Perchers,  701. 

Terebella,  312,  313. 

Terebrantia  {11  ymcnoptera),  41S. 
Tcrebratula ,  438. 

TerebratuUdce,  441,  442. 

Tcrebratulina ,  440. 

Teredo,  461. 

Tergum  of  the  somite  of  Crustacea,  322. 
Tern,  687. 

Terricola,  306. 

Termites,  communities  of,  410. 

Te  rm  it  idee,  410. 

Terrapin,  619. 

Test,  of  Fo  ram  in  i/e  ra,  70;  of  Ecliinoids, 
219  et  scq. ;  of  Tunicates,  504. 
Testudinidce ,  620. 

Testudo,  620. 

Tetrabranchiata  ( Cephalopoda ),  480; 

characters  of,  493;  shell  of,  406;  dis¬ 
tribution  of,  in  time,  490. 
Tetractinellidce,  1 18. 

Te trade capod a ,  352. 

Te  t  rame  ra  (Co  le  ogle  ra ),  422. 

Tetrao ,  605. 

Tetraonidce ,  605. 

Tetrapneuinones ,  381 . 

Te  trust  emma,  2*s0,  281. 

Tent  hi  dm,  400,  500. 

Textularia,  83,  SO. 

Text ular idee,  86. 

Thalamoplwra,  77^ 

Tli a  lassa  rack  na ,  374 . 


Thalassarctos,  822. 

Thalassicolla,  92. 

Th  a  lassi  coll  id  a ,  02. 

Tha lassolampe ,  62. 

Thaurnantias ,  137. 

Theca,  480. 

Theca  of  sclerodermic  corallum,  1S4. 
Thecaphora,  142. 

Thecidiidce,  441,  442. 

T he  coined  usee,  148. 

Thecosomata,  478,  470. 

Thelyphonus,  370. 

Theriodontia ,  645. 

Thick-knee,  094. 

Tliomomys,  841. 

Thoraciea  (Cirripedia),  333. 

Thoracipoda.,  352. 

Thornback  Ray,  570. 

Thorn-headed  Worms,  283. 

Thorny  Clams,  461. 

Thread-cells,  127. 

Thread-worms,  2S5,  287. 

Thrips,  408. 

Thrushes,  702. 

Tliylacinus,  746. 

Thylacoleo,  747. 

Thynnus ,  566. 

Th  ysa  noptera ,  4  OS. 

Thysanum,  405. 

Tia  rech  in  us,  229. 

Ticks,  373.  374. 

Tic-polonga,  626. 

Tiger,  S34. 

Tiger- beetle,  423. 

Tillodontia,  802. 

Tillotheridce,  803. 

Tillotherium,  803. 

Tinamidce,  085. 

Tinamomorphce ,  059. 

Tinamou,  685. 

Tine i dte ,  417. 

Tinoceras,  802. 

Tinoporus ,  S3. 

'Tipulidce,  113,  415. 

Tissues.  17. 

Titanothe  rium,  775 
Titmice,  702. 

Toads,  603. 

Tod  idee,  706. 

Tolypeutes,  754. 

7  'o )  n  is  tom  a ,  642. 

Tomopteris,  315. 

Tongue,  of  Insects.  304  ;  of  Snakes,  623  ; 

of  Lizards,  631  ;  of  Birds,  607. 
Tooth-Shells,  477. 

Top-shells,  472. 

Tornaria .  282. 

Tornat ellidce ,  472. 

Torpedidce,  570. 

Torpedo,  579. 

Tortoise  Encrinite,  251. 

Tortoises,  620. 

TortriehUv,  417. 

Tortrix,  623,  620. 

'Tot anus,  604. 

Totipalmatce,  688. 

Toucan,  707. 

Toxicophis,  627. 

Toxoccras,  497,  49S. 

Toxodon,  805. 

Toxodont ia,  804. 

Toxopneustes ,  229. 
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Tracheae,  of  Arachnida,  369  ;  of  Myrio- 
poda,  328 ;  of  Peripatus,  388 ;  of  In¬ 
sects,  396. 

Tracheal  gills,  397. 

Tracheal  vesicles,  397. 

Trachc Hastes,  341. 

Trachymedustc,  132;  characters  of,  148. 
Trackynemidiv,  152. 

Tragulidce,  792. 

T  rag  ulus,  792. 

Tree-crabs,  362. 

Tree-frogs,  003. 

Tree-kangaroos,  741. 

Tremarctos,  S22. 

Trematoda,  265  ;  general  characters  of, 
275:  types  of,  276-278. 

/  remoctopus,  486. 

Treron,  698. 

Trctenterata  ( Bracliiopoda ),  440. 
Tnarthra,  293. 

Trichechidce,  819. 

Trichechus,  819. 

Trick  ina,  288. 

Trichoccphalus,  2S6,  287. 

Trichocysts,  98. 

Trichodectes,  404. 

Trichoglossidce,  710. 

Trichoglussus,  710. 

Trichoptera,  410. 

Triconodon,  747. 

Tridacnidrr,  461. 

Trigla,  566. 

Trigoniadce,  400. 

Tnlubita,  329,  33S;  characters  of,  346; 

structure  of  the  crust  of,  347. 

Trimera  ( Cole  opt  era ),  422. 

Trimerellid.ee,  411. 

Trimeresurus,  627. 

Tringa,  694. 

Trinnycidce,  619. 

Trionyx,  619. 

Triton  (.4  mphibia),  599. 

Tritoniadte,  472. 

Trochamuiina,  S6. 

Trochilidce,  70S. 

Trochoceras,  497. 

Troglodytes  (Aoes),  702  ;  (Mammalia), 
S69. 

Trogon,  707. 

Trogonidm,  707. 

Trogonoidece ,  707. 

Trombidid.cn,  374,  375. 

Tronibidium,  375. 

Troplii  of  Insects,  393. 

Trophosome  of  Ilydrozoa,  130. 

Tropic  Birds,  68:1.' 

Tropidonotus,  629. 

Trough-shells,  461. 

Trout,  564. 

Trunk-fishes,  566. 

Ttrygon,  579. 

Trygonidiv,  579. 

Tuatara  Lizard,  637. 

Tulic-feet  of  Echinoderms,  217;  of  Eehin- 
oiits,  225  :  of  Asteroids,  233  ;  of  Ophiu- 
roids,  237  :  of  Criuoids,  243  ;  of  Holo- 
thuroids,  256. 

Tubicola  (Annelida),  characters  of,  311; 
tube  of,  312 ;  distribution  of,  in  time, 

313. 

Tubifex,  309. 

Tubipora,  199. 


Tubiporidm,  199. 

Tubularia,  134,  137  ;  characters  of,  141. 
Tubulosa,  189,  190. 

Tunicata,  424  ;  characters  of,  503  ;  bran¬ 
chial  sac  of,  506  ;  development  of,  508  ; 
types  of,  510;  distribution  of,  in  space, 
511.  1 

Tunny,  566. 

Tupaia,  S57. 

Tupaiidce,  S57. 

Turbellaria,  265  ;  characters  of,  278  ; 
divisions  of,  279. 

Turbinated  shell  of  Gastropods,  465. 
Turbinidce,  472. 

Turbinolidce,  1S9. 

Turbot,  565. 

Turdido’,  702. 

Tardus,  702. 

Turkey,  695. 

Tumicidce,  696. 

Turnstone,  694. 

Turrilepas,  335. 

Turrilites,  497,  500. 

Turritellidce,  471. 

Turtle-dove,  69S. 

Turtles,  618. 

Tartar,  69S. 

Tylodon,  816. 

Tylopoda,  790. 

Type,  morphological,  26. 

Ty phlops,  629. 

Tyrannidce,  704. 

Ti/roglypliidce,  374. 

Tyroglyplms,  374. 

XT\ inta therm  m ,  S02. 

Umbilicus  of  the  shell  of  Gastropods,  465. 
Umbo  of  the  shell  of  Lamellibranchs,  452. 
Umbrella  of  Lucernarida,  159,  160. 

Unau,  750. 

Ungulata,  characters  of,  76S;  divisions  of, 
769. 

Pnionidce,  460. 

Univalve  shells,  463,  464. 

Ppupa,  7u0. 

P pupidee,  706. 

IT  raster,  231,  235. 

Pria,  687. 

Urnatclta.  431,  433. 

I Trodela ,  characters  of,  597  ;  types  of, 
598. 

Prupeltis,  629. 

Protrichus,  853. 

Prsidce,  S20. 

Prsus,  822. 

Urns,  S00. 

Vacuoles,  of  Protozoa,  67,  76;  of  In¬ 
fusoria,  99. 

Vaginicola,  101. 

Valkeria,  433. 

Vat  rata,  475. 

I  'alvulina,  86. 

Vampire-bat,  851. 

I  'anellus,  691. 

Varanidce,  634. 
i  'a rn  11  us,  684. 

Vaucheria,  20. 

Veil  of  medusiform  gonophores,  137 ;  of 
nectocalyces,  155;  of  Trachymedusat, 
150. 

I  ’clella,  156,  157,  158. 
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Veligcr  of  Mollusca,  447. 

I  'eneridtv,  401. 

Venus’s  Flower-basket,  120. 

Venus’s  Girdle,  209. 

Veretillum ,  200s,  201. 

Vermes,  204. 

Vermetus,  464. 

Vermilinguia,  637. 

Verruca,  334. 

Verrncidce,  334. 

Vertebra,  structure  of,  519. 

Vertebrata,  general  characters  of,  513; 
development  of,  514,  515;  exoskeleton 
of,  529  ;  skeleton  of,  518;  limbs  of,  522; 
digestive  system  of,  624 ;  blood  of,  526 ; 
respiratory  system  of,  527  ;  nervous 
system  of,  52S;  reproduction  of,  529; 
divisions  of,  530,  531. 

Vesicle,  contractile,  of  Protozoa ,  67 ;  of 
Amoeba,  74;  of  Paramcecimn,  99. 
Vesicularia,  433. 

Vespertilionidoe,  S49. 

Vesperwjo ,  850. 

Vespidas,  419. 

Vibracula  of  Polyzoa,  428. 

Vipera,  626. 

Viperidce,  620. 

Virgula  of  Graptolites,  167. 

Virgularia,  200. 

Visc-acka,  S43. 

Visceral  arches  of  the  embryo  of  Verte¬ 
brates,  516. 

Viverra,  830. 

Viverridce,  829. 

Viviparous  lilenny,  560. 

Viviparous  Lizard,  034. 

Vole,  840. 

Volutidce,  471. 

Volvocidce,  102. 

VolVOX,  20. 

VorticelUl,  97 ;  structure  of,  100 ;  repro¬ 
duction  of,  101. 

Vorticlava,  134. 

Vulpes,  829. 

Vulture,  713. 

Vulturhdce,  703. 

Wagtails,  713. 

Wall,  823. 

Waldheimia,  437. 

Walking-leaves,  409. 

Walrus,  819,  820. 

Wanderoo,  860. 

Warblers,  702. 

Wart-hog,  7S5. 

Wasps,  419. 

Water-beetles,  423. 

Water-deer,  796. 

Water-fleas,  338. 

Water-hen,  693. 

Water-mites,  374. 

Water-mocassin  Snake,  627. 

Water-rat,  840. 

Water-scorpion,  407.  . 

Water-vascular  system  of  Echmodermata, 
217-  of  Scaled  da,  265;  of  Tasnia,  268; 
of  Trematoda,  275;  of  Dixtoina,  276; 
of  Turbellaria,  278 ;  of  Aeanthocephala, 


2S3 ;  of  Nematoda,  285  ;  of  Hot  if  era, 
292. 

Water-worms,  300. 

Weasel,  825,  S26. 

Weevils,  422. 

Whalebone  Whales,  761,  762,  763,  764. 
Whale-louse,  354. 

Whales,  759,  761. 

Wheel-animalcules,  2S9. 

Whelk,  471. 

Whip-poor-Will,  705. 

Whistler,  S38. 

White  Ants,  410. 

Whiting,  565. 

Widgeon,  690. 

Wild  Boar,  7S5. 

Wing-shells,  471. 

Wire-worms,  422. 

Wolf,  S28,  S29. 

Wolf-fish,  566. 

Wolverene,  826. 

Wombat,  739,  740. 

Wood-chuck,  838. 

Woodcock,  694. 

Wood  Ibises,  691. 

Wood-lice,  356. 

Woodpeckers,  707. 

Wood-pigeon,  69S. 

Wrasse,  566. 

Wren,  702;  gold-crested,  702. 

Wry-neck,  707. 

Xenia,  190. 

Xipliias ,  566. 

Xipkiidce,  566. 

Xiphosura,  329;  characters  of,  349. 

Yak,  721. 

Yapock,  745. 

Yunx,  707. 

Zoplirentidce,  196. 

Zapus,  842. 

Zebra,  778. 

Zebu,  800. 

Zeuglodon,  7 07,  768. 

Zeuglodont  idee,  767. 

Ziphinid  Whales,  767,  768. 

Z  i  phi  He,  767. 

Ziiiintharia,  characters  of,  177  ;  Malaco- 
dermata.  177  :  distribution  of,  in  space, 
181;  Sclerobasica,  181;  Sclerodermata, 
1S2;  groups  of,  189  ;  distribution  of,  in 
space,  190;  distribution  of,  in  time,  193. 
Zoanthidas,  1S1. 

Zoanthus,  181. 

Z oar ccs,  566. 

Znea,  859. 

Zonites,  475. 

Zonuridw,  632. 

Zonururi,  632. 

Zouecium  of  Polyzoa,  425,  42S. 

Zooid,  48. 

Zoological  Provinces,  57,  58. 

Zoology,  definition  of,  1. 

Zoospores  of  Algos,  20. 

Zootoca,  634. 

Zygosna,  578. 
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